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Abstract 
 
Investment in low carbon infrastructure is considered as an important component of the fight 
against  climate  change.  The  mechanisms  of  climate  regulation  (such  as  carbon  offsets) 
transfer to project developers the risks associated with reducing emissions of greenhouse gas 
(GHG)  emissions,  i.e.  operational  and  technological  risk,  or  risks  associated  with  the 
environmental monitoring and the regulatory mechanism itself. The success of projects - and 
thus  their  ability  to  attract  private  capital  -  depends  importantly  on  the  risk  sharing 
arrangements between the private and public partners involved in the project. We show that 
the delegation of tasks between the partners can create risks that affect the environmental 
effectiveness and economic efficiency of the project. Contracts need to be well designed to 
mitigate those risks.  
For  a  sample  of  landfill  gas  flaring  projects  financed  under  the  Clean  Development 
Mechanism, it is shown that the outsourcing of the provision of technology creates additional 
risks. The outsourcing of the development of the Project Design Documents as required by 
UNFCCC and the separation of the operation of the landfill and the CDM project appear to be 
manageable by risk sharing arrangements between partners. In the latter case, each partner 
should bear the risk associated with his own responsibility. In fact, if carbon revenues are the 




Key words: Public-private partnerships, local infrastructure, waste management, Clean 
Development Mechanism, climate change, contract theory  6 
Résumé 
 
L‘investissement dans des infrastructures locales sobres en carbone est consid￩r￩ comme une 
composante  importante  de  la  lutte  contre  le  changement  climatique.  Les  mécanismes  de 
règlementation climatique (comme la compensation carbone) font supporter aux développeurs 
de projet les risques liés à la réduction des émissions de gaz à effet de serre (GES): les risques 
opérationnels,  technologiques  ou  liés  au  monitoring  environnemental  et  aux  mécanismes 
régulateurs. Le succès des projets - et donc leur capacit￩ d‘attirer des capitaux priv￩s - dépend 
en grande partie des modalités de partage de ces risques entre les différents acteurs privés et 
publiques impliqués dans le projet. Nous montrons que la délégation des tâches entre eux peut 
cr￩er des risques de partenariat qui p￨sent su l‘efficacit￩ environnementale et ￩conomique des 
projets. Une bonne conception des contrats est nécessaire pour atténuer ces risques. 
Sur un échantillon de projets de torchage des gaz d‘enfouissement financés par le Mécanisme 
pour un Développement Propre (MDP), il est montré que c‘est notamment la d￩l￩gation de la 
fourniture  de  la  technologie  qui  crée  des  risques  supplémentaires.  La  délégation  de 
l‘￩laboration de la documentation du projet selon les r￨gles formelles de l‘UNFCCC ainsi que 
la séparation de  l‘op￩ration de la d￩charge et du projet MDP semble ￪tre maîtrisable par la 
mise en place de mesures de partage de risques. Dans le dernier cas, chacun des partenaires 
devraient supporter le risque lié à sa propre responsabilité. En effet, si les revenus carbone 
sont les seuls flux de revenu destinés au promoteur de projet MDP, l‘incitation à la r￩duction 
des GES est conservée. 
 
 
Mots clés : partenariats privé-public, infrastructure locales, gestion des déchets, Mécanisme 
pour un Développement Propre, changement climatique, théorie des contrats 
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Substantial Summary in French 
 
1 CONTEXTE ET PROBLEMATIQUE GENERALE DE CETTE THESE 
  Sans mesures d'atténuation globale, le changement climatique engendre d‘importants 
risques  pour  l'économie  mondiale.  Malgré  des  incertitudes  importantes,  un  consensus 
scientifique a été établi sur les effets néfastes des émissions anthropiques de gaz à effet de 
serre  (GES)  sur  le  climat  (GIEC,  2007).  Afin  de  réduire  les  risques  liés  au  changement 
climatique, des politiques d'atténuation visant la réduction des émissions actuelles et futures 
de GES ont ￩t￩ ￩labor￩es et mises en œuvre. Ces mesures d'atténuation, comme la promotion 
et le financement des technologies sobres en carbone, ont été intégrées dans des stratégies de 
développement durable. La plus importante étant la stratégie de l'OCDE  pour une croissance 
verte (OCDE, 2011). Beaucoup de pays ont également développé des stratégies nationales.  
   Les investissements de long terme dans les infrastructures urbaines
1 jouent un rôle 
important dans ces politiques d‘att￩nuation du changement climatique. Selon le GIEC (2007), 
les infrastructures urbaines sont directement ou indirectement
2 responsables de plus de 50% 
d‘émissions de gaz à effet de serre dans le monde entier.  
  Face  au changement  climatique, de nouvelles  méthodes doivent  être  conçues pour 
concevoir, gérer et financer ces infrastructures (Fay et al. 2010). Des efforts combinés des 
acteurs  municipaux  et  des  prestataires  privés,  comme  les  opérateurs  de  projet  et  les 
fournisseurs de technologie, sont nécessaires. Ces acteurs coopèrent traditionnellement dans 
la  fourniture  de  services  d'infrastructure  municipale.  La  participation  privée  a  été 
particulièrement promue au cours des trois dernières décennies.  
  Pourtant, notamment dans les pays en développement, des ressources financières sont 
manquantes et des barrières importantes aux investissements dans des nouvelles technologies 
existent  (Banque  Mondiale,  2009).  Les  partenariats  public-privé  (PPP)  ont  souvent  été 
présentés comme une solution possible pour lever des fonds supplémentaires dans la lutte 
contre le changement climatique. Au cours des négociations internationales dans le cadre de 
la Convention-cadre des Nations Unies sur le changement climatique en 2009 et 2010, les 
pays  développés  se  sont  engagés  à  fournir  des  fonds  public  et  privé  aux  pays  en 
développement de près de 30 milliards de dollars entre 2010 et 2012 et 100 milliards par an 
d'ici 2020 (Accord de Copenhague 2009). Une part importante de ces sommes devrait être 
consacrée aux infrastructures. 
                                                 
1 Ce sont notamment les investissements dans les services d‘eau et d‘assainissement, la gestion des d￩chets, les 
transports, les bâtiments publics, etc.  
2 Par exemple, l‘utilisation de la voiture encouragée par la construction de routes.   8 
  Mis à part la quantité de fonds, la question clé reste à déterminer comment mobiliser 
ces fonds de façon efficace pour engendrer la transformation nécessaire des infrastructures 
pour  l'atténuation  des  changements  climatiques.  Il  existe  un  large  consensus  parmi  les 
￩conomistes sur la mise en place d‘incitations ￩conomiques qui doivent inciter les agents à 
internaliser  les  émissions  de  GES  dans  leurs  prises  de  décisions  et  à  investir  dans  des 
nouvelles  technologies  moins  émettrices.  De  telles  incitations  peuvent  être  des  taxes,  des 
mécanismes de projets, des normes, etc. En effet, les actions de mitigation font face à deux 
problèmes majeurs qui emp￪chent l‘internalisation spontan￩e des ￩missions par les acteurs 
économiques :  les  fortes  incertitudes  li￩es  à  l‘analyse  coûts-bénéfices  de  la  réduction  des 
￩missions et la d￩connection dans le temps et dans l‘espace entre la source de la pollution et 
ses effets
3. 
  Les mécanismes les plus utilisés pour le financement des infrastructures dans des pays 
en développement ont été mis en place par le protocole de Kyoto
4 : le mécanisme pour un 
d￩veloppement propre (MDP) et la mise en œuvre conjointe (MOC). Cette th￨se ￩tudie, en 
particulier le MDP.  
  Le MDP est un mécanisme de compensation carbone qui permet aux propriétaires de 
projet de générer des crédits carbone pour chaque tonne d'équivalent CO2 réduite par rapport à 
un scénario de référence dans lequel une technologie engendrant des émissions de GES plus 
élevées aurait été utilisée. Les crédits de carbone peuvent être monétisés en les vendant sur les 
marchés internationaux du carbone, où ils sont généralement achetés par les acteurs publics et 
privés dans les pays développés afin de respecter leurs engagements de réduction d‘￩missions 
de GES. Le MDP a ainsi créé un marché qui peut aider à canaliser les fonds publics et privés 
vers des projets d'infrastructures à faible émission de GES dans les pays en développement. 
  Toutefois,  à  l'heure  actuelle,  les  investissements  en  faveur  de  l'atténuation  des 
émissions de GES sont encore assez faibles. Il y a très peu d'investissements privés canalisés 
vers  des  infrastructures  urbaines  à  faible  émission  dans  les  pays  en  développement.  Les 
acteurs  privés  sont  réticents  à  investir  dans  ces  projets,  même  dans  les  mécanismes  de 
compensation carbone, en raison de risques importants. Ces mécanismes transfèrent, en effet, 
aux promoteurs de projets les risques associés à la réduction des émissions de GES, à savoir 
le  risque  opérationnel  et  technologique,  ou  les  risques  associés  à  la  surveillance 
environnementale et au mécanisme de régulation lui-même. 
                                                 
3 C‘est l‘ensemble des ￩missions de gaz à effet de serre dans le monde qui a un impact sur le changement 
climatique. Les effets du changement climatique seront sentis dans le futur avec des effets asymétriques sur les 
différentes régions dans le monde. Les effets de la pollution ne sont donc pas attribuables à des pollueurs 
spécifiquement.   
4 Les négociations internationales annuelles dans le cadre de la Convention -cadre des Nations  Unies sur les 
changements climatiques ont abouti à la ratification du Protocole de Kyoto par 141 pays en 2005 et 2010.   9 
  Ces  risques  climatiques  transférés  aux  projets  par  des  mécanismes  règlementaires 
doivent être répartis de façon cohérente entre les différents partenaires privés et public afin 
d‘accroître la participation priv￩e dans ces projets. 
2 L’OBJECTIF DE CETTE THESE ET APPROCHE DE RECHERCHE 
  Dans  le  contexte  décrit  ci-dessus,  une  question  importante  se  pose :  comment  les 
partenariats  public-privé  doivent-ils  être  structurés  pour  assurer  une  efficacité  à  la  fois 
économique  et  environnementale  dans  les  projets  d'infrastructures  urbaines  où  des 
technologies d'infrastructure à faible émission sont installées, tout en attirant des capitaux 
privés ? 
  Notre hypothèse est que le seul fait d‘attirer des acteurs priv￩s sp￩cialis￩s dans les 
technologies à bas carbone ne suffit pas pour contrôler les nouveaux risques. Nous pensons, 
au contraire, qu‘une coopération entre les différents acteurs impliqués dans l'infrastructure 
doit  être  bien  conçue.  En  effet,  des  problèmes  de  coordination  et  des  incitations  non-
cohérentes entre les partenaires (appelés prochainement les « risques de partenariat ») peuvent 
conduire à des inefficiences économiques et environnementales.  
Ces dernières peuvent être évitées par le regroupement des activités du projet (autrement dit la 
délégation à un seul fournisseur de services). Alternativement, si les activités du projet sont 
dégroupées (ou déléguée à des prestataires de services différents) elles peuvent être réduites 
par des arrangements contractuels de partage des risques. 
Nous  utiliserons  une  revue  de  la  littérature  portant  sur  les  PPP,  les  problèmes 
principal-agent et les coûts de transaction (Laffont et Tirole, 1993; Hart, 2003; Coase, 1937, 
Williamson 1981) pour l'analyse des inefficacités potentielles dans les projets de gestion des 
déchets financés dans le cadre du MDP. Ce corpus de recherche permet ￩galement d‘￩tudier 
dans quelle mesure ces inefficacités peuvent être évitées ou réduites. 
             Par la suite, un échantillon de 75 projets est analysé statistiquement pour comprendre 
comment  la mesure dans  laquelle les activités  liées  au  projet MDP sont  regroupées  a un 
impact sur la prise des risques des développeurs de projets MDP dans le secteur de torchage 
de gaz de décharge. L'impact sur la réussite du projet de différentes stratégies de partage des 
risques sont analysés en confrontés selon trois études de cas. 
 
3 CHOIX D’ETUDE DE CAS 
 
L‘analyse  est  faite  pour  l‘￩tude  du  cas  des  projets  de  torchage  de  gaz  d‘enfouissement 
financés par le Mécanisme pour un Développement Propre (MDP). Ces projets consistent en 
l‘installation  d‘un  syst￨me  de  r￩cup￩ration  et  de  torchage  de  biogaz  sur  une  d￩charge   10 
municipale. Au moment où le méthane est torché, il est transformé en CO2, réduisant ainsi 
son impact sur le climat5 (figure 1).  
 
    Figure : 1 Les projets de torchage de gaz d’enfouissement 
   
                      Source : Gouvernement français (2008) 
 
Ce secteur est particulièrement intéressant à analyser en raison du nombre de projets 
mis en œuvre : 75 au total. Par ailleurs, les projets de torchage de gaz d‘enfouissement ont un 
seul flux de revenus, lié uniquement à la réduction de GES. Les succès environnemental et 
économique du projet vont  donc de pair. Tous leurs  risques sont reliés  au MDP et  leurs 
performances  environnementales.  Ainsi,  ils  paraissent  plus  risqués  que  les  projets  qui 
g￩n￨rent  d‘autres  revenues,  comme  par  exemple  les  projets  de  torchage  de  gaz 
d‘enfouissement qui g￩n￨rent et vendent ￩galement l‘￩lectricité, ce qui permet au promoteur 
du projet de diversifier ses flux de revenus. Il convient de se de se concentrer sur les projets 
qui ne g￩n￨rent pas d‘￩lectricit￩ et sont donc les plus risqués pour identifier les stratégies de 
maîtrise de risque du promoteur du projet et ses partenaires.  
4 RESUME DU CHAPITRE I 
 
Dans  ce  premier  chapitre,  nous  analysons  comment  les  nouveaux  risques  liés  au 
changement climatique peuvent être intégrés dans des arrangements de partage de risques 
classiques, ￩labor￩s pour des projets d‘infrastructure conventionnels.  
  Notre analyse se base sur deux parties. Dans un premier temps, les opportunités et les 
défis de l'infrastructure « classique » pour le développement urbain (c‘est-à-dire sans prendre 
en compte le changement climatique) sont présentés. Les rôles respectifs des secteurs public 
et privé dans le financement et l'exploitation des infrastructures ainsi que les mécanismes de 
partage de risques sont analysés. Par la suite, nous étudions les types de PPP utilisés dans les 
secteurs urbains et leurs succès. 
                                                 
5 Le méthane a un pouvoir de réchauffement global 21 fois supérieur à celui du CO2.   11 
Dans  une  deuxième  partie,  après  avoir  présenté  les  défis  que  pose  le  changement 
climatique pour le financement des infrastructures locales, nous présenterons  les instruments 
régulateurs qui créent des incitations économiques pour internaliser les émissions de GES. Il 
convient d‘analyser ￩galement comment chaque acteur priv￩ et public peut contribuer à la 
maitrise des risques que ces instruments créent. 
L‘analyse est bas￩e sur une revue de la litt￩rature sur les PPP, le partage de risque, le 
changement climatique et les rôles des différents acteurs face au changement climatique. 
 
Il est montré que les PPP offrent une occasion d'attirer des capitaux privés et publiques 
en permettant la maîtrise des risques climatiques dans les projets d'infrastructure locaux. 
Toutefois, les PPP sont complexes et relativement peu de financements privés ont été 
attirés dans les infrastructures urbaines classiques. Les PPP locaux qui ont été mis en place 
ont souvent rencontré des difficultés. 
Bien  évidemment,  les  structures  de  PPP  sont  susceptibles  de  devenir  encore  plus 
complexes en prenant en compte les risques du changement climatique, à savoir  les risques 
liés au mécanisme de régulation, les risques technologiques et opérationnels ainsi que les 
risques liés au monitoring environnemental. 
La réglementation climatique (par exemple à travers un mécanisme de compensation 
carbone) fait en sorte que le surcoût lié à la réduction des émissions doit être pris en charge 
par  le  propri￩taire  de  l‘infrastructure,  qui  est  souvent  la  municipalit￩.  Il  peut,  ensuite, 
transférer certains risques au secteur privé en lui délégant des responsabilités liées à la mise 
en place du projet de r￩duction d‘￩mission de GES. L‘int￩gration du secteur priv￩ semble 
surtout  bénéfique  pour  maîtriser  les  risques  technologiques,  opérationnels  et  ceux  liés  au 
monitoring  environnemental.  Ceci  dépend  néanmoins  de  la  maturité  de  la  technologie. 
L‘utilisation  d‘une  technologie  innovatrice  peut  n￩cessiter  des  fonds  publics.  En  r￨gle 
générale, le secteur public couvre également les risques règlementaires et politiques. 
5 RESUME DU CHAPITRE II 
 
Dans ce chapitre, nous analysons les probl￨mes d‘incitation et de coordination pouvant 
apparaître  dans  les  partenariats  privé-public  ou  privé-privé  dans  des  projets  soumis  à  la 
r￩glementation climatique (comme la compensation carbone). Les possibilit￩s d‘en faire face 
par le partage des responsabilités et des risques entre les différents acteurs sont également 
étudiés.  
La figure suivante présente graphiquement la démarche de recherche utilisée dans ce chapitre. 
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Figure 2 : Méthodologie de recherche de la partie théorique 
 
 
Source : auteur 
 
  Les  probl￨mes  d‘incitation  et  de  coordination  pouvant  apparaitre  en  cas  d‘une 
délégation à un opérateur privé et les solutions inhérentes ont été largement étudiés dans la 
litt￩rature. Ces analyses reposent sur l‘application de la théorie d'incitation et de principal-
agent  (Laffont  et  Tirole,  1993),  la  théorie  des  coûts  de  transaction  (Coase,  1937,  et 
Williamson 1981; 1986; 1996), la théorie économique des PPP (Hart, 2003 ; Bennet et Iossa, 
2004 ; Dewatripont et Legros, 2005) et la littérature analysant l‘industrie des biens et services 
environnementaux, l‘"éco-industrie" (David et Sinclair-Desgagné, 2005; 2010; Nimubona et 
Sinclair-Desgagné, 2010). Ces théories ont été appliquées au secteur des déchets (projet de 
gestion des déchets conventionnels). Des études théoriques et empiriques ont été mené pour  
identifier les manières efficaces de partage des risques entre le propri￩taire d‘une d￩charge 
municipale et un opérateur privé (Walls et al, 2003; Walls 2003). 
   L'idée dans le présent chapitre est d'adapter cette littérature aux projets de torchage de 
gaz  d‘enfouissement  financ￩s  par  le  M￩canisme  pour  un  D￩veloppement  Propre  (MDP). 
L‘objectif particulier est d‘analyser si l‘installation et l‘op￩ration d‘une nouvelle technologie 
offrant la capacité de capter le biogaz émis par la décharge doit être délégué à un opérateur 
priv￩ externe ou alors à l‘op￩rateur de la d￩charge. Il est ￩galement judicieux de voir si la   13 
construction et l‘op￩ration du projet MDP devraient ￪tre d￩l￩gu￩es au m￪me acteur ou à des 
acteurs différents. 
Le second aspect de l‘￩tude aborde la prise de décision du développeur du projet MDP 
quant  au  choix  de  déléguer  ou  non  des  activités  liées  au  cycle  de  projet  MDP  (soit 
l‘installation de la technologie, le d￩veloppement de la documentation exigée par les Nations 
Unies  pour  que  le  projet  soit  éligible  au  MDP
6  ainsi que la vérification et le contrôle 
environnemental) à un consultant externe.  
 
Nous montrons dans ce chapitre que le montage des   partenariats avec des agents 
externes est soumis à un arbitrage important. 
Si des partenaires spécialisés sont impliqués dans le développement de projets MDP,  une 
partie  des  risques  technologiques  et  opérationnels,  ainsi  qu e  ceux   associés  à 
l'accomplissement du cycle de projet MDP peuvent leur être transférés. Toutefois, des risques 
de partenariat apparaissent. Ces risques de partenariat peuvent non seulement augmenter les 
coûts opérationnels, mais aussi affaiblir les incitations en termes de réduction de GES  qui 
étaient créées par le MDP (figure 3). 
   
Figure 3 : Cadre conceptuel pour le partage de risque dans les projets locaux à faible émission 
 
 
Source : auteur 
 
                                                 
6 Le terme technique pour ce document est « Project Design Document » (PDD).   14 
  En  effet,  le  propriétaire  de  la  décharge  et  celui  du  projet  MDP  ont  besoin  de  se 
protéger  contre  un  « hold-up »  de  leurs  partenaires.  Le  problème  de  hold-up  est 
particulièrement important  si  les investissements  sont spécifiques
7, ce qui  est le cas  d‘un  
projet MDP, de part la technologie utilisée et du développement du PDD.  
 
En se basant sur les enseignements tirés de la théorie des PPP, des contrats et des coûts 
de  transactions,  nous  justifions  dans  ce  chapitre  l‘id￩e  que  les  probl￨mes  de  partenariats 
peuvent  être  évités  si  le  projet  MDP  est  intégré  dans  la  gestion  de  la  décharge  par  le 
concessionnaire  mais  aussi  les  différentes  étapes  du  cycle  de  vie  du  projet  MDP  sont 
également intègrés. Alternativement, les risques peuvent être atténués  par des contrats qui 
alignent les incitations à la réduction des émissions des différents partenaires. Ces contrats 
doivent être soigneusement conçus afin que les responsables de l‘activit￩ de r￩duction des 
émissions en assument les risques.  
6 RESUME DU CHAPITRE III 
 
Dans ce chapitre, nous testons les hypothèses développées dans le chapitre précédent à 
partir d‘un ￩chantillon de 75 projets enregistrés sous le MDP dans le secteur du torchage de 
gaz d‘enfouissement.  
Nous  regardons  si  les  développeurs  de  projets  MDP  intègrent  verticalement  les 
éléments de la chaîne de valeur du MDP (mise en place de la technologie, développement du 
document  descriptif  de  projet  (PDD)  et  la  vente  des  crédits  carbone  sur  les  marchés 
internationaux) afin de gérer les risques attachés à ces activités. Nous étudions également si 
l'intégration  verticale  conduit  à  de  meilleures  performances  des  projets  en  termes  de 
génération  des  crédits  carbone.  Les  relations  entre  les  propriétaires  de  décharges 
(municipales)  et  les  promoteurs  privés  des  projets  MDP  sont  analysées  dans  la  même 
perspective. 
 La spécialisation du développeur du projet MDP sur le secteur du torchage de gaz de 
d￩charge et sur une zone g￩ographique donn￩e est susceptible d‘avoir également un impact 
sur sa capacité à supporter des risques et sur le succès du projet. Le degré de spécialisation du 
d￩veloppeur est donc pris en compte dans l‘analyse. 
Pour mesurer le degr￩ d‘int￩gration verticale, les projets sont group￩s successivement 
selon que le développeur du projet MDP intègrent une tâche ou pas. La spécialisation du 
promoteur est mesurée par sa nature (opérateur local, international ou municipal) et le nombre 
de projets qu‘il a d￩velopp￩ dans le m￪me secteur. 
                                                 
7 La caract￩ristique principale d‘un investissement sp￩cifique est que l‘investisseur ne peut pas mettre fin au 
partenariat sans perdre son investissement.   15 
   Ces différents groupes de projets sont ensuite comparés selon les moyennes de coûts 
d‘abattement total et les couts d‘abattement par rapport aux CER attendus afin de conclure sur 
la prise de risques des différents promoteurs de projet.  
Le  succès  relatif  des  projets  est  mesuré  en  prenant  en  compte  le  taux  des  crédits 
carbone g￩n￩r￩s par rapport aux cr￩dits attendus et le temps pass￩ apr￨s l‘enregistrement pour 
les projets qui n‘ont pas encore ￩mis des cr￩dits
8. 
Les  résultats  indiquent  que  les  entreprises  municipales  financent  des  projets  plus 
risqués (en termes de coûts d'abattement prévu par rapport aux revenus carbone attendus) que 
les  promoteurs  privés  de  projets  MDP.  Toutefois,  en  ce  qui  concerne  les  risques  liés  au 
financement  initial,  les  promoteurs  privés  internationaux  semblent  prendre  des  risques 
similaires à ceux des entreprises municipales. 
En général, nous avons constaté que les développeurs de projets MDP internationaux 
ont le plus de succ￨s environnemental. Ceci s‘explique probablement par leur expertise et 
spécialisation.  
Les  développeurs  de  projets  MDP  locaux  semblent  avoir  plus  de  succès 
environnemental s‘ils ont en même temps en charge la gestion de la décharge, alors que les 
développeurs de projets internationaux  semblent être plus efficaces environnementalement 
s‘ils  s‘occupent  seulement  du projet MDP. Une explication possible pourrait être que les 
entreprises locales utilisent leurs connaissances du contexte et des particularités locales, tandis 
que les sociétés internationales profitent de leur expérience et de leur capacité à standardiser 
le développement des projets MDP. 
Un  aspect  crucial  des  partenariats  semble  être  l'organisation  du  transfert  de 
technologie. En effet, attribuer les tâches de déploiement de la technologie et d'exploitation du 
projet  de  réduction  des  émissions  à  deux  partenaires  différents  semble  préjudiciable  à 
l‘efficacit￩ environnementale du projet. 
Il semble que l'intégration de la fourniture de technologie permet aux développeurs de 
projet de fournir des financements initiaux plus élevés et d‘avoir plus de succès ex-post. Ces 
développeurs de projets sont toujours des sociétés internationales. Ni le fait que les entreprises 
internationales sont en mesure d'intégrer la chaîne de valeur du MDP complète, ni le fait qu'ils 
puissent int￩grer la vente des cr￩dits carbone, ni le fait qu‘il int￨grent le plus souvent le 
                                                 
8 Afin de d￩terminer statistiquement s‘il y a une diff￩rence entre les projets en termes de moyenne des coûts 
d‘abattement/CER attendus et en termes de coûts d‘abattement totaux, l'ANOVA (analyse de variance) est 
utilisé. Si deux échantillons ont des variances très différentes, le test de Kruskal-Wallis est appliqué. La 
comparaison du succès des différents groupes de projets se fait sur une simple comparaison des projets qui sont 
classés dans trois groupes différents selon le pourcentage des crédits générés par rapport aux crédits attendus 
ainsi que selon le temps depuis l‘enregistrement du projet pour ceux qui n‘ont pas encore ￩mis.   16 
développement du PDD ne permet  d‘expliquer leur prise de risque ou  le succès  de leurs 
projets. 
Il  y  a  des  indications  que  la  délégation  du  développement  des  PDD  est  souvent 
accompagné par des mesures de partage de risque. Par exemple, si le consultant est à la fois 
en charge du développement du PDD et de la vente des crédits carbone, la performance des 
projets  semblent  meilleure  m￪me  si  l‘￩chantillon  ￩tudi￩  est  trop  petit  pour  arriver  à  des 
résultats définitifs. Pour la fourniture de la technologie, cependant, les documents analysés ne 
mentionnent pas la mise en place de mesures de partage des risques. Ceci implique que, à 
quelques exceptions près
9, les probl￨mes possibles d‘incitations non-coh￩rents n‘ont pas ￩t￩ 
considérés. 
7 RESUME DU CHAPITRE IV 
  Trois modèles de contrats de partenariats public-privé sont analysés en utilisant une 
approche d'étude de cas. Deux hypothèses sont testées : 
  le regroupement de l‘opération du site d'enfouissement et du développement du projet 
MDP  est  une  solution  de  premier  choix  car  elle  permet  d‘￩viter  les  problèmes 
« principal-agent » ; 
  le  partage  contractuel  des  risques  entre  les  partenaires  permet  d‘atténuer  les 
problèmes « principal-agent ». 
  Les trois promoteurs du projet sont choisis: Veolia/Proactiva, Bionersis et Gikoko. 
Chaque promoteur dispose de son propre modèle. Le modèle de Veolia/Proactiva implique 
une intégration totale de la gestion des décharges, le développement et l'exploitation du projet 
MDP par la filiale locale de Veolia/Proactiva. Bionersis a choisi un modèle de séparation 
complète des responsabilités  qui  prévoit que chaque  acteur assume les  risques  liés  à son 
activité. Dans modèle hybride de Gikoko, l‘op￩ration de la décharge et du projet MDP sont 
s￩par￩s. L‘op￩rateur du site d'enfouissement assume des responsabilités liées au projet MDP, 
mais non pas les risques liés à son activité. 
  L‘analyse  est  bas￩e  sur  des  entretiens  semi-structurés  avec  des  employés  de 
Véolia/Proactiva, Gikoko et Bionersis ainsi que d‘autres données qualitatives et quantitatives 
qui proviennent de la base de données de CDC Climat Recherche, de la base de données 
d‘UNEP RISOE, des sites web des promoteurs de projet, des articles de presse et sites web 
des ministères. 
  Nous  démontrons  que  le  partenariat  entre  l'opérateur  d'enfouissement  et  le 
développeur  du  projet  MDP  peut  impliquer  des  risques  de  sous-performance  due  à  des 
                                                 
9 Il y a quelques consortiums entre des entreprises priv￩es diff￩rentes qui n‘ont pas ￩t￩ analys￩s en d￩tail dans 
cette analyse.   17 
problèmes « principal-agent » et à des intérêts divergents entre les partenaires. Les structures 
contractuelles  peuvent  néanmoins  atténuer  ces  risques  en  séparant  clairement  les 
responsabilités. 
  Par  ailleurs,  il  a  également  été  montré  que  les  problèmes  d'incitation  peuvent 
apparaître dans une situation où aucun problème principal-agent n‘existe. C'est le cas dans le 
modèle d'intégration totale. La société en charge de la décharge et du projet MDP peut être 
amenée à donner la priorité à la gestion de la décharge si les revenus carbones tardent à se 
matérialiser, ce qui est souvent du aux complexités administratives du MDP. 
L'intégration totale, par conséquent, ne produit pas les meilleurs résultats. Il semble 
que le modèle de séparation totale de la gestion de projet et la capture du méthane de la 
gestion de sites d'enfouissement soit préférable. Dans un tel modèle, les revenues carbone 
sont les seuls flux de revenu au promoteur de projet MDP et l‘incitation à la r￩duction de GES 
est forte. 
  Il a également été montré que l'expertise du partenaire a un impact important sur le 
succès du projet. Gérer les risques de partenariat implique donc non seulement le choix du 
bon contrat, mais également le choix du bon partenaire.  
8 CONCLUSIONS ET IMPLICATIONS POLITIQUES 
 
  Les  résultats  de  cette  thèse  ont  véritablement  un  intérêt  pour  les  fournisseurs  de 
services publics et privés ainsi que les investisseurs à la recherche des nouvelles opportunités 
d‘investissements « verts ». Ces résultats peuvent les aider à mieux décerner les possibilités 
offertes par les mécanismes de compensation carbone et leurs limites. Ils leur permettront 
d‘investir ces ressources publics et privées de manière plus efficace. 
  En particulier, les municipalités pourraient faire un meilleur usage des partenariats 
public-privé  (PPP)  en  saisissant  les  possibilités  qu‘ils  offrent  en  terme  d'atténuation  des 
risques et réduction des coûts de transaction liés aux mécanismes de compensation carbone. 
Selon  nos  résultats  empiriques,  les  municipalités,  les  acteurs  les  moins  spécialisés, 
développent les projets les plus risqués, dans lesquels les promoteurs de projets privés sont 
réticents  à  investir.  Une  coopération  avec  des  acteurs  privés  (soit  l'exploitant  local  de  la 
décharge  ou  un  développeur  international  de  projets  MDP)  semble  plus  efficace.  Les 
municipalités  devraient  donc  développer  des  partenariats  avec  le  secteur  privé  afin  de 
bénéficier  de  leur  capacité  de  gestion  des  risques  de  leur  expérience  technologique  et 
opérationnelle. L'investissement dans le renforcement des capacités et la réalisation des effets 
d'apprentissage  sont  des  aspects  positifs  de  la  participation  du  secteur  privé.  Une  autre 
possibilité  serait  de  créer  des  partenariats  avec  d'autres  municipalités  ou  organismes   18 
régionaux dans le but de démultiplier le nombre de projets tout en bénéficiant des économies 
d'échelle et des effets d'apprentissage. 
  Un  autre  résultat  important  de  notre  analyse  qui  a  des  implications  pour  d'autres 
secteurs  du  MDP  ou  d'autres  mécanismes  de  compensation  carbone  est  le  suivant.  Les 
incitations environnementales sont plus fortes si le volet carbone du projet représente une part 
importante de l'investissement global des partenaires. Dans le cas contraire, il existe un risque 
que  les  incitations  à  réduire  les  émissions  soient  affaiblies,  surtout  si  les  procédures  de 
contrôle (monitoring) et de vérification environnementales sont fastidieuses. Dans les projets 
d'infrastructures  autres  que  les  projets  de  torchage  de  gaz  de  décharge,  le  volet  carbone 
représente souvent une part plus faible des investissements initiaux, ce qui peut dans une 
certaine mesure diminuer les incitations à investir dans ce type de projet. En règle générale, 
plus un projet est complexe le plus il est probable que les incitations créées par le mécanisme 
de compensation carbone soient diluées. 
  Les résultats de cette thèse ont également des implications sur le développement des 
PPP relatifs à d‘autres outils ￩conomiques réglementaires que les marchés du carbone. Les 
instruments réglementaires, tels que les taxes, subventions, normes etc. peuvent ne pas inciter 
suffisamment  l‘ensemble  des  partenaires  du  projet  à  se  coordonner  pour  maximiser  les 
réductions  des  GES.  Par  exemple,  l‘agent  ￩conomique  qui  paie  une  taxe  ne  sera  pas 
nécessairement celui qui contrôlera les émissions du projet liées à la mise en service de la 
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INTRODUCTION 
 
1 POLICY CONTEXT OF THIS DISSERTATION 
 
  Without global mitigation action, climate change is very likely to create significant 
risks for the global economy and society. A high scientific certainty has been established that 
anthropogenic greenhouse gas emissions have an impact on the global climate with widely 
unknown consequences (IPCC, 2007). In order to reduce climate change risks, mitigation 
policies that aim at reducing current and future CO2 emissions have been developed and 
implemented.  Climate  change  mitigation  action  has  also  been  part  of  national  and 
international growth strategies, the most prominent and widely used being the OECD Green 
Growth Strategy (OECD, 2011).  
  Urban infrastructure investments (i.e. investment into water and sanitation services, 
waste management, transport and public buildings) play an important role in climate change 
mitigation policy. In fact, the role of urban infrastructure
10 for climate change mitigation and 
adaptation is being increasingly acknowledged as c ities contribute to a large proportion of 
national GDP and can be expected to be the ―dominant hubs of economic activity for every 
nation‖  in  the  future  (Corfee-Morlot  et  al.,  2009).  According  to  the  IPCC  (2007),  urban 
infrastructures are either directly or indirectly (e.g. transport encouraged by the construction 
of roads) responsible for over 50% of greenhouse gas emissions worldwide. 
  Therefore, in the face of a changing climate, new ways have to be found to design, 
manage and finance infrastructure (Fay et al. 2010). Combined efforts of municipal actors and 
private  service  and  technology  providers  who  cooperate  traditionally  in  the  provision  of 
municipal infrastructure services are necessary. In fact, the private sector has begun to play an 
increasingly important role in infrastructure finance in the last 20-30 years as a provider of 
funds and technical and operational expertise (UNCTAD, 2008; Estache, 2006).  
  However, especially in developing countries, financial resources and transfers from 
developed  countries  are  lacking  and  significant  barriers  to  low-emission  infrastructure 
investment exist (World Bank, 2009). Public-Private Partnerships
11 (PPP) have often been put 
                                                 
10 According to Kesside (1997, p. i) infrastructure services include ―safe water, sanitation, solid waste collection 
and disposal, storm drainage, public transport, access roads and footpaths, street lighting, public telephones, and 
often other neighbourhood amenities (safe play areas, community facilities), electricity connection, and social 
services‖. 
11 In the economic literature and public discussion Public-Private Partnerships are generally referred to financial 
risk sharing models between the public and the private sector. In this dissertation it will also be analysed how 
technological risks and risks associated with environmental verification processes are dealt with within these 
partnerships. This is why for the present analysis Public-Private Partnerships are defined in a very broad way and 
depict other forms of cooperation than financial cooperation in infrastructure service provision (such as 
technological cooperation etc.).    30 
forward as one possible solution to bridge this gap. Political commitments have been made to 
meet these needs. At the international climate change negotiations in 2009 which resulted in 
the Copenhagen Accord of that same year, commitments were made by developed countries 
to provide public and private funds to developing countries ―approaching‖ 30 billion USD 
between 2010 and 2012 and 100 billion per year by 2020. An important share of these sums is 
expected to be spent on infrastructure.  
  Aside from the quantity of funds, however, is the key question of how to mobilise 
these funds efficiently to bring about the required transformation of infrastructures for climate 
change mitigation. It is commonly agreed by economists that regulatory instruments (taxes, 
project mechanisms, standards, etc.) that encourage infrastructure project owners to invest 
into  new  technologies  are  necessary.  The  mechanism  the  most  commonly  used  in 
infrastructure finance in developing countries has been developed by the Kyoto Protocol: the 
Clean Development Mechanism (CDM). The CDM is a carbon offset mechanism that allows 
the CDM project owners (be it the operator or owner of the underlying infrastructure or a 
specialised  CDM  project  developer)  to  generate  carbon  credits  for  every  ton  of  CO2 
equivalent reduced compared to a baseline scenario in which a higher emission technology 
would  have  been  used.  The  carbon  credits  can  be  monetised  by  selling  them  on  the 
international carbon markets, where they are typically bought by public and private actors in 
developed countries to comply with their carbon reduction commitments. The CDM has thus 
created a market which can help to channel both public and private funds towards low-carbon 
infrastructure projects in developing countries.  
  Without new regulatory instruments such as those just described, it is estimated that 
infrastructure project owners or concessionaires that operate the infrastructure – especially 
private ones – would not spontaneously internalise the emissions created by their economic 
activity (OECD, 2010) by investing into an add-on project to the existing infrastructure that 
consist  in  installing  a  low-emission  technology
12.  This  can  be  explained  by  the  large 
uncertainties  related  to  the  c ost-benefit  analysis  of  redu cing  emissions  as  well  as  a 
disconnection in time and in the space between the source of pollution and its effects.  While 
costs of installing new technologies are felt immediately, benefits (mostly associated with 
avoided costs of damage caused by climate change) are felt most likely by future generations 
and possibly in other geographical regions.  
  However, for the time being, specific mitigation investment is still rather low and 
there is very little private investment that is channelled to low -emission urban infrastructure 
                                                 
12 Add-on projects are those projects that consist in installing an end-of-pipe technology to an existing 
infrastructure project. An example are landfill gas capture and flaring technologies that allow to capture and 
destroy the methane emitted by existing landfills.   31 
in developing countries. Private actors are hesitant to invest in these projects even under 
carbon offset mechanisms due to significant risks. The mechanisms of climate regulation (like 
carbon  offset  mechanisms  such  as  the  CDM)  transfer  to  project  developers  the  risks 
associated with reducing emissions of greenhouse gas (GHG) emissions, i.e. operational and 
technological risk, or risks associated with the environmental monitoring and the regulatory 
mechanism itself.  
  Therefore, risk sharing mechanisms between the public and private actors are crucial 
in  order to  attract  private financing and not  to draw excessively on public resources  and 
guarantees. It is argued in this dissertation that the success of projects – and thus their ability 
to  attract  private  capital  –  depends  largely  on  the  risk  sharing  arrangements  between  the 
private and public partners involved in the project. 
2 OBJECTIVE OF THIS DISSERTAION AND MAIN RESEARCH 
QUESTIONS 
 
  In the policy context discussed above, it is important to question how public-private 
partnerships in urban infrastructure projects using low-emission infrastructure technologies 
should  be  structured  in  order  to  ensure  their  economic  efficiency  and  environmental 
effectiveness, while also attracting additional private financing. 
  In this dissertation, those infrastructure projects are looked at where the low-emission 
technology installed through an add-on project that can be clearly separated from the existing 
infrastructure.  In  particular  waste  management  projects  are  analysed.  In  this  case  add-on 
projects consist in the installation of a landfill gas flaring technology on an existing landfill. 
Those  projects  where  the  installation  of  the  low-emission  technology  cannot  be  easily 
separated from the existing infrastructure (such as light rail systems etc.) are not looked at in 
this dissertation. 
  The hypothesis is formulated that it is not enough to attract private players specialized 
in low carbon technologies to control the risks associated with the greenhouse gas emission 
reductions.  Rather,  the  cooperation  between  the  different  actors  involved  in  the  existing 
infrastructure as well as in the new add-on project must equally be well designed. In fact, 
coordination problems and non-aligned incentives between the partners (in later sections, also 
called  ―partnership  risks‖)  can  lead  to  economic  and  environmental  inefficiencies.  These 
inefficiencies can be avoided by bundling the project activities (i.e. delegate both to a single 
service  provider).  Alternatively,  if  the  project  activities  are  unbundled  (i.e.  delegated  to 
different service providers) the inefficiencies can be mitigated by risk sharing arrangements. 
  In the theoretical section of the dissertation the economic literature on PPP, principal-
agent  problems  and  transaction  costs  (Laffont  &  Tirole,  1993;  Hart,  2003;  Coase,  1937,   32 
Williamson 1981) is used to analyse potential inefficiencies in waste management projects 
financed under the CDM as well as how far they can be avoided or mitigated. 
  Subsequently, a sample of 75 projects is empirically analysed to understand how the 
degree to  which the activities  of the CDM project  cycle are bundled influences  the risk-
bearing  by  CDM  project  developers  in  the  landfill  gas-flaring  sector.  The  impact  on  the 
project success of different risk sharing strategies is analysed using three case studies.  
3 CHOICE OF CASE STUDY 
 
  The  analysis  is  based  on  the  most  widely  used  carbon  offset  mechanisms  in 
developing countries, the UNFCCC‘s Clean Development Mechanism (CDM). The sector 
chosen for this study is the landfill gas flaring sector. In particular, those projects are analysed 
that do not generate electricity. Besides the wastewater treatment sector, it is the urban sector 
eligible  under  the  CDM  in  which  the  most  projects  have  been  registered  to  date.  The 
empirical analysis can therefore be based on a comprehensive data set.  
  Technically,  landfill  gas  flaring  projects  imply  that  a  methane  capture  and  flaring 
system is installed and operated on an existing landfill. This technology allows reducing the 
landfill‘s impact on the climate as methane is converted into CO2. In fact, methane has a 
global warming potential that is 21 times higher than that of CO2, thus a tonne of methane 
converted into a tonne of CO2 amounts to a net reduction of 20 tonnes of CO2-equivalent 
(CO2e). 
  For every tonne of CO2e reduced, monitored and verified according to the UNFCCC 
requirements, the project sponsor can issue carbon credits and sell them on the international 
markets. Financial revenues are provided to the project. 
   The interesting aspect for our analysis is that the landfill gas-flaring projects have a 
single stream of income that is only related to the reduction of CO2e. Environmental and 
economic success is, therefore, two sides of the same coin.  
  Furthermore, these projects can be considered as more risky than those that generate 
additional income streams. Landfill gas flaring projects that generate electricity have been 
excluded from the analysis as they generate an additional income stream though electricity 
sales and therefore can diversify risks. The rationale behind this choice was to focus on a 
risky type of projects: the higher the average risk, the easier it would be to analyse risk 
management strategies and their efficiency   
  Also there is significant private participation in the sector. Costa et al. (2008) finds 
that  private  companies,  in  particular  waste  management  companies,  are  keen  to  explore   33 
business  opportunities  and  to  find  channels  to  export  their  technologies  to  developing 
countries through the CDM. 81% of all registered projects are owned by private companies
 13. 
4 CONTRIBUTIONS TO THE LITERATURE 
 
  The financing, development and operation of low-emission infrastructure projects calls 
for the combined efforts of public and private actors. However, efficient ways of cooperation 
as regards the reduction of greenhouse gases have barely been researched. 
  Economic  literature  that  analyses  in  a  systematic  way  how  the  climate  change 
challenge  can  be  factored  into  Public-Private  Partnerships  (PPP)  is  still  lacking.  This 
dissertation proposes  to  partly fill  this  gap.  For the particular  case of  waste management 
projects it is analysed in how far contractual risk sharing arrangements between the different 
partners involved in the existing infrastructure and the greenhouse gas mitigation component 
can render these projects environmentally and economically more efficient. 
  A  large  amount  of  literature  exists  on  incentive  and  principal-agent  problems  in 
conventional  public-private  partnerships.  Authors,  including  Hart  (2003),  Bennet  &  Iossa 
(2004) and Dewatripont & Legros (2005), have analysed the modalities of the increasing 
private participation in infrastructure development and operation. Their work is based on the 
theory of incentives and principal-agent (Laffont & Tirole, 1993) as well as transaction cost 
theory (Coase, 1935, and Williamson 1981; 1986; 1996).  
This  literature  has  also  been  applied  to  the  waste  sector  (conventional  waste-
management projects), in some theoretical and empirical studies (Dorvil, 2007; Walls et al., 
2003; Walls 2003). 
There is also a rich specialised literature on PPP in development cooperation and cities 
(Mitchell-Weaver  &  Manning,  1991;  Bult-Spiering  &  Dewulf,  2008;  Shen  et  al.,  2006; 
Koppenjan & Enserink, 2009).  
Hart (2007) analyses in his PhD dissertation the private sector‘s capacity to manage 
climate  risks  and  to  finance  carbon  neutral  energy  infrastructure.  He  recognises  the 
importance of what he calls ―governance risks‖ (p.120) on the success of projects in the 
particular context of climate change. However he does not analyse further these risks in detail 
and proposes no risk mitigation measures.  
  Also, studies on principal-agent problems that occur due to energy efficiency measures 
in the building sector have been carried out (IAE, 2007a). 
  This  dissertation  aims  not  only  to  contribute  to  the  literature  on  public-private 
partnerships  but  also  to  the  increasing  amount  of  literature  on  the  Clean  Development 
                                                 
13 Calculation by author based on the UNEP RISOE pipeline (January, 2011).   34 
Mechanism. In fact, a wide literature has identified CDM specific risks and transaction costs 
as the major obstacle in attracting investors and project developers (Hultman et al., 2010; 
Michaelowa et al., 2003; UNEP RISOE, 2005; UNEP and Partners, 2009; Ellis & Kamel, 
2007; Janssen, 2001). 
  To our knowledge, the question of how far governance structures of CDM projects can 
be interpreted as a response to CDM-specific and CDM-relevant transaction costs have not 
been analysed empirically so far. The literature has rather proposed solutions to adjust the 
CDM in order to decrease transaction costs for the private sector (Michaleowa, 2005; Martin, 
2006). . 
  Partnership problems and the advantages of vertical integration have been mentioned 
in Castro & Michaelowa (2008) as regards the relationship between external consultants and 
CDM project developers. Clapp et al. (2010), for example, put forward that the integration of 
different public and private actors in carbon offset projects is necessary in order to benefit 
from  the  different  risk  sharing  capacities  of  the  different  partners  as  well  as  their 
technological,  operating  and  monitoring  capacities.  Also,  Sippel  &  Michaelowa  (2009) 
observed that municipalities often lack know-how and acquire know-how only very slowly. 
This  would  suggest  integrating  private  actors  in  the  development  and  operation  of  these 
projects. However, to our knowledge, no theoretical framework or detailed analysis of these 
issues has been elaborated so far.  
5 METHODOLOGY AND STRUCTURE  
 
  The dissertation is structured in four chapters. 
  In Chapter I, the general context of the dissertation is presented. The chapter contains 
three main parts that are all based on a literature review.  
   In the first part, the opportunities and challenges of conventional local infrastructure 
projects are presented. The respective roles of public and private sectors in the financing and 
operation  of  infrastructure  and  risk  sharing  mechanisms  are  analysed.  Subsequently,  it 
investigates what types of PPP have been used in urban areas and how successful they have 
been. This literature review includes theoretical literature on the economics of PPP (Hart, 
2003; Bennet & Iossa, 2004; Dewatripont & Legros, 2005), less theoretical literature that 
presents  a  return  on  experience  of  PPP  projects  in  the  urban  sector  (like  Estache,  2006, 
Koppenjan  &  Enserink,  2009  and  others)  and  reflects  data  collected  by  the  World  Bank 
(World‘s Bank PPI database, http://ppi.worldbank.org/) and the OECD (OECD, 2009). 
  In  the  second  part,  the  challenges  of  climate  change  for  the  financing  of  local 
infrastructure are presented as well as the economic rationale which underlies much climate 
change  mitigation  policy.  The  regulatory  instruments  that  create  economic  incentives  to   35 
internalize the greenhouse gas emissions of infrastructure projects are presented. This is based 
on scientific literature (IPCC, 2007) as well was economic literature on the costs and benefits 
of climate change and mitigation strategy and on economic policy instruments (Stern, 2006 & 
2007; Tol, 2002). 
  The third part investigates which new risk sharing principles have to be taken into 
account if low-emission technologies are integrated into existing infrastructure projects. It is 
analysed, based on the existing literature (notably Hart, 2007, and UNCTAD, 2010), how 
technological and operational risks as well as risks associated with environmental regulation 
can – in principle – be shared between the partners. Risks that can arise due to the creation of 
partnerships are discussed in chapter II. 
 
  Based on an extensive literature review a comprehensive  conceptual framework is 
developed  in  Chapter  II  that  explains  the  partnership  risks  (coordination  problems  and 
problems  due  to  unaligned  incentives)  to  be  considered  in  designing  partnerships  for  the 
development of low-emission infrastructure projects. Partnerships are usually created between 
the owner and/or operator of the existing infrastructure as well as the technology and service 
providers that are specialised in the installation of low-emission technology as an add-on to 
the  existing  infrastructure.  Partnership  risks  may  occur  as  the  incentives  created  by  the 
regulatory instrument in the first place may be diluted in complex partnership structures. The 
example of landfill gas flaring projects financed under the Clean Development Mechanism is 
taken as a case study. The incentives to reduce emissions created by the CDM may not be 
passed on to all partners if partnerships are not correctly designed and incentives are not 
properly aligned. 
  The analysis is based on the transaction costs theory, the principal-agent theory and 
the theory of incomplete contracts. This theory is chosen as it allows identifying the costs and 
benefits  associated  with  outsourcing  of  economic  activity  (transaction  cost  theory),  the 
inefficiencies in terms of incentives that are created in partnership structures and the way 
these inefficiencies can be mitigated (principal-agent theory and the theory of incomplete 
contracts). 
     
  More particularly, the (municipal or private) landfill owners wishing to set up a CDM 
project are exposed to significant CDM-specific risks and transaction costs. Consequently, 
they are confronted with the decision to cooperate with specialised partners by outsourcing 
the development of the CDM project (or parts of it) or to manage risks and transaction costs 
internally. Risks can be shared with partners or diversified over a large portfolio of CDM 
projects. CDM-specific transaction costs can be lowered through internal capacity building as   36 
regards the registration process and the selling of carbon credits or through outsourcing to 
specialised  partners.  Also  the  technology  necessary  to  efficiently  reduce  greenhouse  gas 
emissions can be either provided ―in-house‖ or by specialised technology providers.  
  Principal-agent  and  incentive  problems  that  lead  to  reduced  incentives  to  mitigate 
GHG emissions by the different project partners involved in the landfill management and the 
management of the CDM project are shown to have a theoretically significant impact on these 
decisions. This is done on two levels. First, it is investigated what risks and opportunities arise 
if  the  development  of  the  CDM  project  is  delegated  to  a  specialized  developer  of  CDM 
projects and does not fall within the responsibility of the operator of the landfill.  
   The second part deals with the "make-or-buy" decision along the CDM value chain to 
be  taken  by  the  CDM  project  developer.  Based  on  the  theory  of  transaction  costs,  it  is 
analyzed whether the owner of the CDM project should delegate the provision of technology, 
development of the PDD
14, or the sale of carbon credits to specialized external partners. 
  Once the costs and benefits of the creation of partnerships are analyzed, the chapter 
concludes with a section that shows in how far contractual risk sharing mechanisms can 
mitigate some of the partnership risks identified. 
 
  The hypotheses developed in chapter II are tested empir ically in chapters III and IV. 
For  a  project  sample  of  seventy -five  (75)  landfill -gas  flaring  projects,  Chapter  III 
investigates empirically in how the creation of partnership structures can be explained by the 
risk perception of the project owner ex-ante, i.e. during the planning period of the projects. It 
is also analysed whether the creation of partnerships has an impact on the project success, in 
terms  of  the  percentage  of  expected  CO2  credits  actually  delivered,  as  problems  due  to 
unaligned incentives may arise. 
  Further, the specialisation of partners is considered in the analysis as it is expected that 
not only the partnership structures but also the specialisation of CDM project developers as 
regards the completion of the complex CDM project cycle is assumed to have an impact on 
their capacity to assume risks as well as to successfully develop and operate the landfill gas-
flaring projects.  
  The  analysis  uses  the  statistical  method  ANOVA  that  allows  comparing  different 
groups of projects (categorised according to the partnership structures they use) in terms to 
different  indicators  of  ex-ante  risk  perception  by  the  project  owner  and  ex-post  project 
success. 
                                                 
14 « The project design document (PDD) is the key document involved in the validation and registration of a 
CDM project activity. » (CDM Rulebook, 2011, www.cdmrulebook.org/ 405)   37 
  The results will help to explain whether partnerships with public or private partners 
allow CDM project developers to bear more risks and whether these partnerships have an 
impact on the project success. 
However, no information is available on this aggregated level on the principal-agent 
and  incentive  problems  that  are  encountered  in  particular  partnerships  and  the  way  these 
problems can be mitigated with the help of well-designed risk sharing arrangements.  
 
The objective of Chapter IV is, therefore, to analyse different partnership structures 
in Clean Development Mechanism (CDM) projects developed in the landfill gas flaring sector 
in  order  to  identify  incentive  problems  that  are  inherent  to  partnership  structures.  The 
relationship  between  the  municipality  as  the  operator  of  a  landfill  or  its  private  landfill 
operator and the developer of the CDM project is analysed. It is also investigated whether 
contractual  structures  have  an  impact  on  the  project  success  in  terms  of  reduction  of 
greenhouse gas emissions by the landfill.  
  Three  case  studies  are  compared.  In  the  first  case,  a  total  integration  of  landfill 
management  and  CDM  projects  was  chosen.  The  second  case  is  a  case  of  complete 
separation, while the third case represents a hybrid structure. The case studies are based on 
extensive interviews with project developers and publicly available data on the company‘s 
website as well as in the UNEP RISOE pipeline. 
  Firstly, it is investigated whether principal-agent problems (i.e. partnership risks) have 
an impact on project success. Secondly, it is analysed whether contractual arrangements can 
mitigate these risks and align the incentives of the partners in terms of emission reductions.  
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1   INTRODUCTION 
 
Over  the  last  20  years  climate-change  mitigation  action  has  become  increasingly 
important on the political agenda of national governments and international organisations. 
Cities are expected to contribute significantly to the global effort to reduce greenhouse-gas 
emissions.  Especially  urban  infrastructure  and  its  potential  to  reduce  greenhouse  gas 
emissions  has  moved  into  decision  makers‘  and  academia‘s  attention  (Stern,  2007; 
Intergovernmental Panel on Climate Change, IPCC, 2007, Corfee-Morlot, 2009a). “The main 
sources of greenhouse gas (GHG) emissions attributable to cities are transportation, energy 
use in buildings, electricity supply, and to a lesser extent waste. […], it is clear that urban 
GHG emissions are highly dependent on a range of infrastructure systems” (Kennedy et al., 
2009). 
Due  to  the  longevity  of  infrastructure  projects,  academia  and  international 
organisations  have  advised  against  a  lock-in  of  the  economy  on  a  carbon-intensive 
development path. For the sustainable development of an economy (that is, development built 
on economic and environmental criteria at the same time) the use of a clean technology in 
terms of GHG emissions in infrastructure projects is crucial. 
The design and operation of urban infrastructure, therefore, face new challenges. Not 
only  primary  objectives  (like  the  treatment  of  waste  in  the  case  of  waste-management 
projects, the reduction of travel time in the case of transport projects) have to be achieved; 
greenhouse-gas emissions also have to be effectively reduced.  
Additional  financial  resources  need  to  be  levied.  It  is  generally  agreed  that  the 
investment in climate-change mitigation technology (be it part of infrastructure or not) cannot 
be financed entirely by the public sector (Copenhagen Accord, 2009). Considerable hope is 
put into public-private partnerships (PPP) to leverage the necessary private resources. And 
there  is  good  reason  for  this.  In  the  last  20-30  years,  PPP  have  become  more  and  more 
common in infrastructure projects in general and in urban infrastructure projects in particular.  
In theory, it seems an adequate instrument such as ―PPP can be seen as an alternative 
instrument for public sector intervention to alleviate a market failure and safeguard allocative 
efficiency in the economy.‖ (Valila, 2005, p. 115) Climate change has, in fact, been regarded 
as the ―the greatest example of market failure we have ever seen‖ (Stern, 2007, p. 1). Forsyth 
(2005, p. 1) even states that ―public-private partnerships are increasingly not just short-term 
instrumental agreements between states and private contractors, but are new political arenas 
involving  various  actors  where  norms  of  environmental  and  development  policy  are 
formulated and replicated‖.   43 
It is, therefore, an important question to ask what role PPP can play to attract private 
resources for low-emission urban infrastructure projects. The emphasis is made in the present 
chapter on risk-sharing  arrangements  that take into  account  the new  climate-change risks 
between  the  public  and  private  actors.  These  arrangements  are  crucial  in  order  to  attract 
private financing and not to draw excessively on public resources and guarantees.  
In this chapter, opportunities and challenges of infrastructure for urban development 
are presented, as well as the respective roles of the public and private sectors in the financing 
and operation of the infrastructure (Section 2).  
Risk-sharing mechanisms between public and private actors are discussed in Section 3. 
Subsequently, the experience with PPP in the urban sectors is presented.  
In Section 4, the challenges that climate change poses are explained as well as the 
significant  uncertainties  associated  with  scientific  research  and  its  consequences  for  low-
emission  infrastructure  finance.  The  principles  of  mitigation  policy  as  well  as  economic 
regulatory  instruments  that  create  economic  incentives  to  internalise  the  greenhouse-gas 
emission of infrastructure projects are presented.  
Section  5  analyses  how  far  the  design,  financing  and  operation  of  low-emission 
technology  results  in  new  risks  for  the  project  partners.  General  project  risk-assessment 
frameworks  and  risk-sharing  rules  developed  in  the  economic  literature  on  public-private 
partnerships are applied to the particular case of newly emerging climate-change risks.  
 
2   LOCAL  INFRASTRUCTURE  AND  SUSTAINABLE 
DEVELOPMENT 
2.1   Definitions: Local Infrastructure and Sustainable Development 
 
Local economic development is usually defined as ―an increase in the economic well-
being of area residents, usually manifested by positive changes in the level and distribution of 
area employment and per capita income‖ (Wolman & Spitzley, 1996, p. 115–116).  
In  this  dissertation,  a  large  definition  of  economic  development  is  used  that  also 
includes social and environmental aspects. This is done by the large anthology of literature on 
―sustainable development‖
15. In this literature it is assumed that the wellbeing of individuals 
depends not only on income and employment, but also on clean air and environment, the 
accessibility to services, such as water, waste treatment, and so forth. 
                                                 
15 The term ―sustainable development‖ was coined by the Brundtland Report (UN, 1987, p. 1), which is defined 
as ―development that meets the needs of the present without compromising the ability of future generations to 
meet their own needs."   44 
In regard to the term ―infrastructure,‖ the most common definition is also used here 
(among  others,  O‘Fallon,  2003,  Kessides,  1993).  The  term  ―infrastructure‖  describes  the 
services provided by the physical networks or ―infrastructure systems‖ associated with energy 
(gas, thermal, and water-based), water supply, transport, telecommunications, sanitation and 
waste facilities, as well as flood protection and drainage.  
Infrastructure is likely to have an impact on the economic as well as the societal and 
environmental  well-being  of  a  country,  region  or  city.  An  important  feature  of  local 
infrastructure is that it has a strong  public-good character (see Table 1). In economics, a 
public good is defined by its use: it is the subject of collective consumption and has two 
characteristics: non-rivalry in use and non-exclusion. Non-rivalry means that a good can be 
used simultaneously by a set of individuals and that the consumption of one consumer does 
not reduce the consumption by others. Non-exclusion means that it is impossible to exclude 
anyone from the consumption of this good. 
It is important to distinguish between two different types of infrastructure – economic 
and social infrastructure. Economic infrastructure contributes to the economic activity of a 
region.  This  category  comprises  transport  networks  (railway  networks,  roads,  toll  roads, 
airports, bridges, ports, and so forth), communication networks and certain urban services 
(water supply, energy production and distribution networks).  
Table 1 : Urban infrastructure as a public good 
Type  Sector  Urban sub-
sectors 









Solid waste management is a public good. This service is 
nonexclusive. it is not feasible to exclude from service 
those who do not pay. Public cleanliness and the safe 
disposal of waste are essential to public health and 
environmental protection  
The service is also nonrivaled. Any resident can enjoy the 
benefit of the service without diminishing the benefit to 
anyone else (Cointreau-Levine, 1994). 




Transport  Local roads, local 
bus, tram and 
underground 
network 
Local roads are a public good as they are nonexclusive and 
usually nonrivaled. Bus, trams and underground are not a 
public goods in the strict sense, but in the wider sense as 





Water supply is in some respects a ―public good ―. Free-
riding consumers cannot be excluded from benefiting from 
certain services (such as public fountains etc.) (OECD, 
2009). 
Source: Cointreau-Levine (1994), Organisation for Economic Cooperation and Development 
(OECD) (2009) 
   45 
Social infrastructure is designed to meet the basic needs of the inhabitants of a region 
and includes facilities dedicated to education, health (water and waste treatment, hospitals), 
housing,  security  (prisons,  military  and  police  centres)  and  cultural  and  leisure  activities 
(parks, and so forth) (UNCTAD, 2008; Holm, 2010). In the following table, examples of 
economic and social infrastructure in the urban sector are presented. 
 
2.2   Recent Trends in Urban Development in Developing Countries and Needs 
for Infrastructure Investment 
 
For  2010  it  was  estimated  that  half  of  the  global  population  lived  in  urban  areas 
(World Bank, 2010a). Especially in developing countries, urban areas are expected to grow 
rapidly with growth rates roughly double those of OECD countries (Corfee, Morlot et. al. 
2009a). According to the World Bank (2010a) the population of the world‘s cities grew by 
three million new residents every week. This is due to a general expected increase in the 
world‘s population as well as to migration from rural areas to cities.  
The level of urbanization is expected to rise from 50 percent in 2008 to 70 percent in 
2050. While in developed countries this share will most likely rise from 74 percent to 86 
percent over the same period, it will rise from 44 percent in 2007 to 67 percent in 2050 in the 
less-developed regions (UN, 2007, figure 1). 
Figure 1 : Evolution of Share of Urban Population of Total Population (1950-2050) 
 
Source: UN (2007) 
 
As is put forward by international organisations (Corfee-Morlot et al., 2009a, World 
Bank, 2010a), numerous opportunities and challenges for sustainable economic growth and 
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created and also social, environmental and cultural services are offered to the inhabitants 
(OECD,  2008a).  Urbanisation  will,  therefore,  lead  to  new  demands  for  energy  and 
infrastructure investment.  
Estache (2006) estimates that the poorest countries need to spend about 9% of their 
GDP on operation, maintenance and expansion of their infrastructure if they are to reach the 
Millennium Development Goals
16. The estimate is, however, subject to uncertainties. 
The  OECD (2007)  estimates  –  for  OECD  countries  and  some  larger  developing 
countries (such as Brazil, China and India) – that 53 trillion USD are needed through 2030 for 
telecommunications,  road,  rail,  electricity  (transmission  and  distribution)  and  water.  This 
corresponds to annual investments of around 2.5% of the world GDP  
Infrastructure investment will not only simply accompany urbanisation and population 
growth.  A  consensus  has  been  established  among  economists  that  infrastructure  is  an 
important  element  of  development  policies  as  it  provides  for  important  economic 
externalities. This will be further discussed in the next section. 
 
2.3   The Impact of Local Infrastructure on Sustainable Development 
2.3.1  Top-down  approach:  Macro-economic  impact  of  public  spending  in 
infrastructure 
 
In economic theory, infrastructure investment has only rather recently been regarded 
as a driver of long-term economic growth. In neoclassical growth models (notably Solow, 
1956), the long-run rate of growth is still determined exogenously (that is, outside the model) 
and the relationship between long-run growth and available policy instruments (such as public 
infrastructure  expenditure)  is  not  discussed  in  these  models.  Only  the  development  of 
endogenous  models  has  provided  a  framework  for  understanding  the  role  of  government 
activity, both on the expenditure and revenue sides (Bernard & Garcia, 1997).  
The work of Aschauer (1989) is considered to have been especially path-breaking. The 
author  analyses  the  relationship  between  aggregate  productivity  as  well  as  government-
spending variables (stock and flow) and finds that a ‗core‘ infrastructure of streets, highways, 
airports, mass transit, sewers, water systems, and so forth can explain economic productivity.  
                                                 
16 The Millenium Development Goals are eight goals, which range from halving extreme poverty to halting the 
spread of HIV/AIDS and providing universal primary education like eradicating extreme poverty, reducing child 
mortality rates, fighting disease epidemics such as AIDS, and developing a global partnership for development 
that  all  UN  countries  have  agreed  to  achieve  until  2015  (UN  Millenium  Goals  website: 
http://www.un.org/millenniumgoals/bkgd.shtml).   47 
Estache (2006) reminds readers that how much infrastructure spending really matters 
is an empirical matter, and that infrastructure matters more in low-income countries or in low-
income regions than in richer countries.  
The ―new economic geography theory‖ (Krugman, 1991) was developed to explain 
choices of production location by firms. He shows that firms decide on the locations for their 
production  by  weighing  off  market  proximity  and  production  concentration.  Important 
variables  they  take  into  account  include  transportation  costs  and  economies  of  scale  in 
production  (see  Estache,  2006,  for  more  details  and  a  short  literature  review).  So, 
infrastructure has a role to play in the firms‘ localisation decisions. 
2.3.2  Bottom-up  approach:  Economic  costs  and  benefits  of  local  infrastructure 
investment 
 
Besides these macroeconomic studies, microeconomic literature has contributed to the 
quantification of development effects of infrastructure projects (see Kessides, 1993, for an 
overview)
17. Micro-economists discuss the channels through which infrastructure investment 
can drive economic development. Cost-benefit analyses are carried out to weigh off the costs 
and benefits created for society. 
The cost-benefit analysis of infrastructure projects u sually includes financial and 
economic costs and benefits. The financial costs are investment and operating costs, whereas 
the financial benefits are due to operating revenues, which are usually  service-fee payments, 
connection charges, and so forth paid by the final beneficiary of the infrastructure -service 
provision  (the  customer).  Besides  these  incremental  financial  costs  and  benefits,  direct 
economic and environmental
18 costs or benefits are taken into account. On a more aggregated 
level, they  lead to indirect economic costs or benefits, such as sustainable development 
(Figure 2). 
Examples of direct economic benefits of  urban-infrastructure projects are efficiency 
improvements and, consequently, tariff decreases and an increase in the consumer surplus. 
Indirect economic benefits can be due to structural impacts as infrastructure contributes to the 
diversification  of  the  economy  by  facilitating  growth  of  alternative  employment  and 
consumption possibilities. Infrastructure services raise the productivity of other factor s by 
permitting the transition from manual to electrical machinery, reducing workers' commuting 
time, and improving information flows through electronic data exchange. Infrastructure is 
                                                 
17 Attention has to be drawn to the fact that a macro-and micro-economic analysis do not necessarily lead to the 
same results. Aggregate empirical results suggest much higher return to public capital than suggested by cost-
benefit analysis of individual projects (Fox, 2007). 
18 Environmental costs and benefits have been increasingly regarded as important as well to assess the impact on 
projects on the overall welfare of a society (OECD, 1994; Pearce et al., 2006).    48 
often  described  as  an  "unpaid  factor  of  production",  since  its  availability  leads  to  higher 
returns obtainable for other capital and labour (Kessides, 1993). 
The  economic  benefits  related  to  social  infrastructure,  such  as  health  and  waste-
disposal  projects,  are  especially  related  to  the  improvement  of  the  quality  of  life  of  the 
population. 
Table 2 provides concrete examples for direct and indirect economic benefits and costs 
of economic and social infrastructure. 
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These  direct  economic  and  environmental  costs  and  benefits  are  referred  to  as 
―externalities‖ in micro-economic literature. The concept of externalities was introduced at 
the end of the 19th century to characterise the differences between private and public interest 
(Sidgwick, 1887) and was further developed in the early thirties by Viner (1931). The term   49 
"externality"
19 describes a side effect caused by an economic activity that is not taken into 
account in decisions by economic actors.  





This means that externalities have an impact on the welfare (economic and health) of 
human beings and are created without the intention of those who control the original activity 
and cannot be controlled by those who are positively or negatively affected. In other words, 
externalities arise when individuals are not obliged to pay for all the consequences of their 
economic activities (Keppler, 2008). Externalities are market failures that have to be corrected 
                                                 
19 According to the definition of Baumol & Oates (1998), externalities must meet two conditions: Condition 1: 
An externality is present whenever some individual's (say A's) utility or production relationship include real (that 
is, non-monetary) variables, whose values are chosen by others (persons, corporations, governments) without 
particular attention to the effects on A's welfare.   
Condition 2: The decision maker, whose activity affects the utility levels of others or enters their production 
functions, does not receive (pay) in compensation an amount equal in value to the resulting (marginal) benefits 
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for  through  public  intervention.  Therefore,  the  public  sector  will  nearly  always  play  an 
important role in the development, financing and operation of infrastructure projects.  
Recently,  private  actors  have  also  been  involved  in  infrastructure  financing, 
development  and  operation.  Models  of  public-private  partnerships  and  their  success  are 
described in the following section.  
 
3   OPPORTUNITIES  AND  LIMITS  OF  PUBLIC-PRIVATE 
PARTNERSHIPS 
3.1   Public-Private Partnerships: a Panorama of Opportunities 
 
Infrastructure investment  has  been traditionally  carried out  by the public sector as 
infrastructure can be subject to several market failures, including market power and natural 
monopoly, externalities (spillover effects caused by the consumption of a good or service to 
third  parties)
20, and are public goods (as di scussed above) (Valila, 2005).  In economic 
literature there is a large consensus that public provision of services is necessary only in the 
case of market failures. Otherwise, the markets are regarded as the most efficient way to 
organise economic activity. This is why in a wide range of cases parts of the  public-service 
provision have been outsourced to the private sector by creating public -private partnerships. 
The private sector has also been expected to bring in financial  resources (Glachant et al., 
2010) as well managerial efficiency, entrepreneurship spirit and innovation (Koppenjan & 
Enserink, 2009), 
Sub-national  governments  and  municipalities  especially  lack  fiscal  revenues  from 
income or sales taxes and shared taxes and the possibility to take on debt, causing them to rely 
on public-private partnerships or private direct investment as well as grants from the central 
government, local borrowing and user fees (UNCTAD,2009).  
The  local  government  plays  a  pivotal  role  in  the  bottom-up  project  identification, 
design and implementation, monitoring and evaluation. It ensures that services are provided 
and standards are met in terms of reliability, efficiency and environmental protection. If the 
local government delegates some tasks related to the financing, building and operating of the 
infrastructure, it will still continue to monitor the private sector closely (Cointreau-Levine & 
Coad, 2000). This way, urban authorities benefit from the skills and expertise of the private 
sector and improve the efficiency and cooperation of the government departments involved 
                                                 
20  Discussed  above,  see  table  2.  Externalities  can  justify  public  intervention,  notably  when  infrastructure 
investment is part of a more general public-spending policy (for example, to spur economic recovery in times of 
an economic downturn).   51 
without losing control over land planning and use and sales prices, and so forth (Friedrichs, 
1998). 
The local government  may be involved in the financing of the local  infrastructure 
through equity or debt. In developing countries where local and national governments are 
often  short  of  resources,  international  bi-  or  multi-lateral  development  banks  play  an 
important  role  in  financing  and/or  subsidising  infrastructure  projects  (depending  on  their 
mandate).  The  private  sector  may  provide  equity  and,  thus,  receive  ownership  rights. 
Additional  construction  and  maintenance  constructs  may  be  set  up  with  external  service 
providers who sell their specific technical, administrative or operational know-how to the 
project, but will not be involved in the project financing (see Figure 3). 
 
Figure 3: The Different Actors Involved in the Development of Urban Infrastructure 
Projects 
 
Source: author, based on Sorge (2004) 
 
Public-private  partnerships  can  take  different  forms,  depending  on  the  period  the 
private sector commits itself to the project, the tasks it carries out and whether it takes on 
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financial risks
21. Walzer & York (1998) estimate at least three aspects to be fundamental 
characteristics of public-private partnerships: long-term agreements between participants, an 
established procedure for managing the partnership, and the economic-development outcomes 
expected by both participants. As Mitchell-Weaver &Manning (1991) remind that PPP cannot 
be reduced to contractual arrangements, to public subsidies nor governmental regulation of a 
private action. They have to be rather seen as an integrated  concept and be adapted to the 
local conditions of developing countries. 
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However, here, the emphasis will still be put on risk sharing arrangements without 
forgetting that it is only one aspect of the overall concept of PPP.  
                                                 
21  The  following  definition  of  risks  is  chosen.  Risks  are  ―any  factor,  event  or  influence  that  threatens  the 
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Table  3  presents  the  most  commonly  used  contract  types  in  urban  infrastructure 
finance that stipulate the different roles, responsibilities of the public and private sectors and 
the resulting risk assumption by the private sector in terms of the project success and its own 
remuneration.  
The private actor can then commit himself for only a short period under a management 
contract in which he is paid by the public sector for the services he provides through taxes or 
fees collected by the municipality. 
In long-term PPP (BOT and concession contracts), the private actor commits to the 
operation of the infrastructure for 20-30 years and will support at least the operational risks of 
the project. The revenues are directly collected from the private actor and depend, therefore, 
on his efforts. 
The question as to which contract type to choose and how much risk to transfer to the 
private  sector  has  been  debated  in  depth  in  economic  literature.  General  risk-sharing 
principles have been developed. The design of the actual contractual arrangements, however, 
remains subject to a case-by-case project risk evaluation. 
3.2   Opportunities and Limits of Public and Private Risk Sharing  
 
It is generally agreed that the aim of PPP is to transfer risk from the public sector to 
the private partners. Otherwise, all risk is borne by the public sector as it is traditionally its 
role to provide public goods (for example Glachant et al., 2010).  
Public and private actors differ significantly in terms of their capacity and willingness 
to assume or diversify risks, their risk aversion and their capacity to amortise additional costs. 
This is because they have different ownership structures, criteria for investment decisions, 
financing structures as well as different investment horizons (see Annex 1 for details).  
The risk should be borne by the partner who can assume it at the lowest cost, because 
they are less adverse to risk, because they can most easily insure or hedge against these risks 
or because they can diversify risk by dispersing it to several agents (Fischer et al.,2010). 
Risk sharing is based on the double principle of risk diversification and pooling of 
risks. At the same time, governance problems (costs of coordination, information asymmetries 
and so forth) have to be taken into account (Gollier et al., 2011).  
In particular, the risk-sharing arrangements for individual projects take into account 
the following aspects: 
-  the economic incentives created by the risk-sharing arrangements and ownership, 
-  the exogenous randomness of a contractor‘s performance, 
-  the degree of risk aversion of partners,   54 
-  the partners‘ wealth and capacity to diversify risks, 
-  the relative public and private benefits of the project. 
 
  The intention of the following is to explain the general economic principles behind 
risk sharing arrangements between public and private actors. Fischer et al. (2010) remind that 
the risk assignment to public and private partners should take place within an integrated risk 
assessment  model.  This  would  allow  improving  the  transparency  and  credibility  of  risk 
management, the willingness to conduct risk management by increasing the transparency of 
the processes and clarifying the responsibilities. Also the different phases of the project life 
cycle have to be carefully considered assign by each contracting party. Risk control measures 
should also be identified within the framework. 
 
Risk sharing, ownership and economic incentives 
Theoretical literature has shown that the more risks borne by the private actor in terms 
of  revenue  generation  and  possible  financial  losses,  the  more  he  will  be  incentivised  to 
contribute to the overall project success.  
Hart et al. (1997)
22 built a theoretical model in order to compare a situation where the 
service provision is contracted out with a situation where one single company is in charge of 
financing, building and operating the infra structure. They show that in the case of simple 
contracting the private firm may reduce costs at the expense of quality . In the other case, the 
private company is incentivised to improve quality and reduce costs at the same time. This 
means that risks in terms of the contractor‘s performance can be reduced as more risks are 
passed on to him.  
 
Exogenous randomness of contractor’s performance 
This aspect has been analysed in particular by the principal-agent literature. Mirrlees 
(1975) and Holmström (1979) have shown that there is a trade-off between risk sharing and 
incentive provision. In fact, the effort of the partners has an impact on the project‘s outcome.  
It is assumed that the performance of contractors is a function of a random variable that 
cannot be controlled and the contractor‘s own efforts that he controls completely.  
                                                 
22 See Chapter II of this dissertation for a more-detailed analysis of this literature. The approach used by de 
Palma, et al. (2009) is based on a principal-agent framework where the public actor (the municipality) is the 
principal that contracts out infrastructure services to the agent (the private operator). This implies a hierarchical 
relationship structure between the municipality and the private contractor, and helps to understand the risk-
sharing arrangements between these actors.   55 
Generally  in  literature,  exogenous-  and  endogenous-project  risks  are  distinguished. 
Exogenous risks are those that cannot be controlled by project partners, whereas endogenous 
risks can be controlled by the project partners. 
Figure 4: Distinction between Endogenous and Exogenous Risks  
  
Source: based on de Palma et al. (2009), OECD (2008b) 
 
  As far as the exogenous risks are concerned, they should be borne by the public sector 
otherwise, a risk premium has to be paid to the private sector as he accepts that an exogenous 
variable has an impact on his remuneration. Generally, it can be said that the risks should be 
allocated  to  the  agent  who  can  best  control  the  risky  outcome  and  whoever  has  private 
information on certain risk factors should bear the particular. Indeed, it is useful not to detach 
risk and responsibility. For example, if an operator is responsible for collecting fees for a 
service, he should bear the risks involved in this action because the profit is linked to the 
ability to fulfil this task risks (OECD, 2008b, Dewatripont & Legros, 2005, De Palma et al., 
2009). 
The  public  sector  can  also  assume  some  of  the  risks  associated  with  the  production  and 
provision of a service by the private partner. As Välila (2005) explains, by doing so the public 
sector extends a subsidy to the private partner. In the absence of the subsidy, the private 
partner would not enter the market in the first place or if he entered he would produce a 
socially suboptimal quantity or quality of the service in question. 
 
Risk aversion 
Every individual partner is averse to risks to a different degree. In the case of local 
infrastructure, the risk aversion of partners may generally be higher as the investments needed 
are  long-term  investments.  Caprio  &  Demirgiiu-Kunt  (1997)  –  for  example  –  study  the 
lending  behaviour  in  uncertain  environments  (such  as  macro-economic  uncertainties  in 
developing  countries  or  uncertainties  about  the  market  potential  of  new  technologies). 
Lenders tend to lend on short-term contracts. This can be explained by the fact that lenders are 
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confronted with imperfect information and want to have the chance to periodically reprice the 
loans in order to reflect new information. This lending behaviour would provide incentives to 
borrowers to avoid bad outcomes. 
Glachant et al. (2010) provide an explanation for the short-term lending that is based 
on Kahneman & Tversky (1975 and 1979). This theory stipulates that individuals, because of 
not  knowing  the  objective  probabilities,  draw  subjective  probabilities  based  among  other 
elements  on  past  experience,  context  and  ambiguity  aversion.  These  elements  constitute 
biases that encourage all economic agents to both under-estimate the actual risks and to be 
especially averse to long-term risks. 
 
Capacity to diversify risks 
Besides the different actors‘ degree of risk aversion, the impact of risks on the wealth 
of the actors matters (Golier et al. 2011). Richer agents can assume higher risks than poorer 
agents because they feel the economic  losses less in case the risks materialise. Likewise, 
public (private) institutions can diversify risks over all taxpayers (shareholders). Also, private 
companies with large project portfolios can better diversify risks.  
 
Relative public and private benefits of the project 
The willingness to bear risks by the private and public actors also depends on the 
relative public and private benefits of the project. Besley & Ghatak (2001) study the optimal 
provision of public goods and show that ownership of a public good should lie with the party 
that values the benefit that the public good generates more highly. 
Different decision criteria that take into account not only the financial profitability of a 
project,  but  also  the  social  profitability  are  used  by  the  public  sector.  This  includes  the 
financial costs and benefits for the individual investors as well as the social costs and benefits 
for society (see  Annex  2  for details). The public sector may accept  higher risks  as  local 
infrastructure projects typically generate higher social benefits than financial benefits. This is 
due to the fact that local urban infrastructure creates economic externalities and has a strong 
public good character (as discussed in Section 2). 
 
Limits of public-private risk sharing 
There  are  several  trade-offs  that  have  to  be  taken  into  account.  The  partner  who 
controls the project outcome should bear the risks attached to this part of the project. At the 
same time, the less risk-adverse partner should bear the risks as it will be cheaper. The two 
factors mentioned often grow in different directions. The group or organization that has the   57 
most control over a risky outcome may not be in the best position to bear that risk. In this 
case, a trade-off must be made between the benefits and costs of different solutions (Irwin et 
al., 1997). 
In  addition,  transaction  costs  of  risk-sharing  negotiations  have  to  be  considered. 
Allocating the different kinds of risk associated with a project to the agent who best controls 
them at the lowest costs requires detailed analysis, intense negotiations, complex contracts, 
and the implementation of costly monitoring arrangements (Irwin et al., 1997). 
Even though the risk-sharing principles have been formulated in the literature, risk-
sharing arrangements in practice have proven very difficult. Estache (2006, p. 5) concludes 
that ―the 1990s and the 2000s so far have also shown that we don‘t really know yet how to 
address risk effectively‖. 
3.3   Challenges and Opportunities of Public-Private Partnerships in the Urban 
Sector in Developing Countries 
 
For  the  last  20  years  there  have  been  significant  new  developments  in  private 
financing of infrastructure due to the lack of public funds and the inefficiencies of public-
service provision. As stated above the idea behind PPP in public service provision is to attract 
private  investors  by  creating  attractive  investment  opportunities  and  by  safeguarding  the 
public interest, which is a difficult to achieve (Koppenjan & Enserink, 2009). Shen et al. 
(2006) also remind that the role of government gets more complex in PPP than it is in public 
procurement. The government is no longer project manager but fulfils multiple tasks, those of 
a project manager, inspector, customer, and partner. In the following some experience with 
PPP in the urban sector are presented.  
 
Statistical data show that ―there is evidence of a significant coupling of private and 
public investment and in the case of developing countries, domestic and foreign sources of 
capital‖  (Corfee-Morlot  et  al.  2009b,  p.  29)  –  in  infrastructure  projects,  such  as 
telecommunication, energy, transport and in urban sectors, such as water and sewage (see 
Figure 5).   58 
Figure 5 : Share of Foreign and Domestic Private and Public Investment in 
Infrastructure in Developing Countries (1996-2006) 
  
Source: based on UNCTAD (2008) 
 
Private and public investment in energy, water and transport infrastructure amounted 
to 82.3 billion USD in 2007. Foreign investment stands for private foreign direct investment 
and public official-development aid. The smallest share of total infrastructure investment in 
developing and transition countries is provided by foreign investors. Funds originate mostly 
from  domestic  public  and  private  sources.  The  data  is  based  on  the  World  Bank‘s  PPI 
database
23 (UNCTAD, 2008). 
Urban infrastructure has  attracted relatively little private funding in total amounts 
compared to other sectors, such as telecommunications,  and so forth Annez (2006) screened 
the World Bank‘s PPI database for urban transport, energy and water projects. She finds that 
―the  private  financing  mobilized  for  urban  PPI  has  been  quite  limited  and  undeniably 
disappointing in relation to the high expectations prevailing in the 1990s‖ (Annez, 2006, see 
Figure 6). However, it has to be taken into account as well as the fact that the data does not 
contain information on the waste sector that has a rather strong potential for public-private 
partnerships (UNCTAD, 2010).  
                                                 
23 PPI stands for Private Participation in Infrastructure and is the name of a database of infrastructure projects 
financed  with private participation by the World Bank. It can be accessed at  http://ppi.worldbank.org/ (last 
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Figure 6 : Net PPI Infrastructure Investment 1984-2003 
 
Source: Annez (2006, p. 5) 
 
In order to analyse which contract type is used in the urban sector, the PPI database is 
convenient  to  use.  It  uses  slightly  different  definitions  than  those  used  in  this  chapter 
(compare Table 3).  However, the classification of contracts also primarily takes into account 
the risk bearing by the private sector. The contracts that are used in the water and sanitation 
sector (the only primarily ―urban‖ sector presented in the database) are mainly concessions 
and greenfield projects (see Figure 7). Concessions are projects where ―a private entity takes 
over the management of a state-owned enterprise for a given period during which it also 
assumes significant investment risk‖ (PPI database glossary
24). 
Figure 7 : Contract Type Used by Number of Projects in the Water and Sanitation 
Sector 
 
Source: PPI database, as of August, 2011 
 
In ―greenfield projects‖ it is agreed that ―the private entity or a public-private joint 
venture builds and operates a new facility‖ (PPI database glossary).  In management- and 
lease-contract transfer (according to the PPI definition), nearly no risk to the private actors is 
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common,  whereas  divestitures  (a  private  entity  buys  an  equity  stake  in  a  state-owned 
enterprise) are hardly used. 
The amount of projects has declined significantly since 2008. Between 2008 and 2009, 
the  number  of  new  projects  with  private  participation  declined  46%.  Annual  investment 
commitments dropped 31% during the same period. Furthermore, it has been observed that 26 
of the 35 new projects in 2009 were implemented by entirely local private consortia. Reasons 
for the international private retrenchment from the projects could be the relatively small size 
of  new  projects  and  international  operators‘  growing  preference  to  focus  on  their  core 
markets,  which  was  reinforced  by  the  recent  financial  crisis.  In  fact,  the  share  of  water 
projects with at least one foreign sponsor dropped from 45% in 2008 to 26% in 2009 (World 
Bank, 2010b). 
Box 1 : The Challenge of Cost Recovery in the Water Sector 
There is no clear pattern in the relative shares of tariffs, taxes and transfers (see Figure 
below). As a general rule, more-developed countries rely more on tariffs to finance water and 
sanitation services; developing countries prefer to use transfers and taxes. 
Privatisation for the infrastructure and its operation often leads to the introduction of 
tariffs. In theory user charges can be used to recover costs. The provision water supply and 
sanitation is only partly a public good and it  – to a large extent – excludable. However, 
reforms to introduce tariffs in countries that used to rely on taxes and transfers to finance the 
water supply have proven to be very difficult. It has been much harder to recover the full costs 
for private service providers than initially expected due to a lack of willingness-to-pay. 
Sources of Funding of Water Projects in Different Countries 
 
WW= Wastewater, WS= Water Supply; CZ Inv WSS stands for Czech Republic, composition 
of capital investment for water supply and sanitation 
Source: OECD (2009), p. 36 
 
In  general,  authors  draw  rather  mixed  conclusions  regarding  the  success  of 
privatisation of parts of urban infrastructure provision. As Estache (2006) points out, many   61 
governments did not succeed in attracting the private sector. According to rough estimates by 
Estache & Goicoechea (2005), only one third of the countries that tried to privatise their water 
and sanitation sector now enjoy some significant private participation. 
Annez (2006) analysed all urban projects that have encountered serious problems in 
comparison to those that have started operation without major problems. She finds that 25% 
of total  urban transactions  were classified as ―problem  transactions‖ in  the PPI database. 
Nearly  40%  of  water  and  sanitation  projects  were  classified  as  problem  projects.  Urban 
energy projects nearly all succeeded with a failure rate close to 0%. Ten percent (10%) of 
urban transport projects have not succeeded.. This shows that especially social urban projects 
have  proven  to  be  especially  risky  for  investors.  The  reason  for  this  low  success  rate 
especially in the water sector is estimated to be the low success in cost recovery (see Box 1 
for more details on the cost recovery issue in the water sector). 
Koppenjan & Enserink (2009) present an inventory of experience with urban PPP and 
find that PP have in some cases resulted in ―the construction of overengineered, inefficient 
infrastructures, long-term indebtness of municipalities, unequal access to services because of 
high user tariffs, poor quality, postponement of investments in less profitable project parts, 
contractual renegociation in favour of private providers, and so on.‖ (p.285). 
 
4   CLIMATE-CHANGE  RISKS  AND  UNCERTAINTIES:  NEW 
CHALLENGES FOR URBAN INFRASTRUCTURE 
4.1   The Risk Dimension of Climate Change  
 
A large scientific consensus has been established in recent years about the facts that 
climate change is (at least partly) due to man-made greenhouse-gas emissions. The IPCC 
(2007)  that  has  been  leading  the  research  on  this  subject  states  that  ―there  is  very  high 
confidence that the net  effect of human activities since  1750 has been one of warming.‖ 
(IPCC, 2007, p. 3)  In fact, anthropological greenhouse-gas emissions have grown since pre-
industrial times. Between 1970 and 2004, this increase has been estimated to be 70% (IPCC, 
2007). 
In order to explain the effects of an absence of any climate policy, the IPCC (2007) 
developed  several  scenarios  in  order  to  project  trends  of  average  worldwide  temperature 
between now and 2100 (Figure 8).    62 
Figure 8 : Average Temperature Increase in the Absence of Any Climate Policy 
 
Source: IPCC (2007)  
 
 
These  scenarios  differ  in  terms  of  their  hypotheses  regarding  notable  economic 
growth,  greenhouse-gas  emissions  and  population  growth.  Scenario  B1,  an  optimistic 
scenario,  predicts  an  increase  of  the  average  temperature  between  1.1°  and  2.9°C,  while 
scenario A2, a pessimistic scenario leads to an increase between 2° and 5.4°C. 
The increase in temperature will differ from one geographical region to another.  
Figure 9 shows which regions are more or less affected by rising temperatures until the end of 
the century for the A1B scenario (a scenario between scenarios A2 and B1 discussed above). 
The period between 2090 and 2099 has been compared to the period between 1980 and 1999. 
The warming will be greatest over land and at most high northern latitudes and least over the 
Southern Ocean area and parts of the North Atlantic Ocean (IPCC, 2007). 
 
Figure 9 : Geographical Patterns of Surface Warming 
 
Source: IPCC (2007)   63 
 
Negative impacts of climate change will be: 
- contraction of snow cover area and decrease in sea ice extent; 
- very likely increase in frequency of hot extremes, heat waves and heavy precipitation 
- likely increase in tropical cyclone intensity;  
- very likely precipitation increases in high latitudes and  
- likely decreases in most subtropical land regions (IPCC, 2007). 
IPCC  (2007)  expects  all  these  different  consequences  of  climate  change  to  create 
significant  risks  and  uncertainties  for  the  economy.    These  risks  can  be  associated  with 
macro-economic impacts due to fluctuations in output and income in sectors – such as energy 
or agriculture – and micro-economic impacts on companies, areas, infrastructure projects, and 
so  forth  (such  as  changes  in  demand  and  supply  pattern  of  water,  changes  in  consumer 
behaviour). Natural disasters are also expected to have heavy impacts on local economies. 
Those affected cannot perform their jobs because roads and railways will be closed, aside 
from social hardships for those who lose home and properties. If power or communication 
networks are cut, businesses, even those not affected, are forced to cease their activity (see – 
for example – Holm, 2010). 
Policy measures have emerged in recent years in order to mitigate the risks of negative 
physical impacts created by climate change on human beings, the society and the economy. In 
general,  there  are  two  complementary  risk  management  strategies:  mitigation  of  climate 
change and adaptation to climate change.  
Adaptation reduces climate risks by reducing the physical impacts of climate change on 
society and human beings, whereas mitigation reduces greenhouse gas emission and therefore 
the impact on climate change. In other words, mitigation policy tries to act on the causes of 
climate change, while adaptation  policy tries to attenuate the negative  impacts of climate 
change. In this thesis, the emphasis is put on mitigation action. 
4.2 The Economic Rationale behind Mitigation Policy 
 
The economic rationale behind mitigation policy is based on three arguments. Besides the 
risk  management  strategy  argument  mentioned  above,  two  other  arguments  have  been 
advanced  in  the  literature  and  in  public-policy  debate  in  order  to  support  climate-change 
mitigation policy, that is, the implementation of policy measures that incentivise economic 
actors to reduce their greenhouse gas emission reductions: 
-  economic cost-benefit analysis of mitigation action compared to inaction, 
-  no-regret strategies. 
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Risk management strategies 
Besides the fact that the costs of climate-change mitigation policy seem to outweigh 
the costs of inaction, there is another reason often brought forward in the literature to support 
the  idea  of  mitigation-policy  action:.  The  logic  behind  seeing  mitigation  policy  as  a  risk 
management strategy is that the higher the increase in temperature, the more uncertain the 
outcome as mankind has no experience with similar temperature increases. In fact, Hallegatte 
et al. (2009) argue that the larger the increase in temperature, 
1)  the more difficult to anticipate local impacts and the necessary adaptation action, 
2)  the more uncertain the impact on economic sectors, 
3)  the more difficult to assess the adaptive capacity on the macroeconomic level.  
The authors come to the conclusion that greater warming is associated with higher cost, 
but  also  with  larger  uncertainty  about  the  cost.  Because  this  uncertainty  makes  it  more 
difficult to  implement  adaptation  strategies, it represents  an  additional motive to  mitigate 
climate change. 
Nordhaus (1997, p. 332) formulates the same argument as follows:  
―While we have only the foggiest idea of what this [increase by 6.2 °C over 
the 1900 global climate] would imply in terms of ecological, economic, and 
social  outcomes,  it  would  make  most  thoughtful  people  even  economists 
nervous to induce such a large environmental change."  
 
Economic cost-benefit analysis 
In recent years, economists have tried to calculate and weigh the costs of inaction as 
well as the costs of combating climate change. The report that received most public attention 
is the Stern Report published in 2006. Stern (2006) estimated that countries need to spend 1% 
of their GDP in order to keep the level of greenhouse gases in the atmosphere at a level of 
450-550 ppm. This level can be reached by 2030 and 2060, when a rise of between 2° – 5°C 
in global mean temperatures is expected to occur. Costs of inaction would otherwise be at 
least 5% and perhaps more than 20% of global GDP. Thus, the benefits of mitigation policy 
outweigh the costs in this scenario.  
The Stern Report has initiated a large debate in economic literature about the cost-
benefit analysis of climate-change mitigation policy, especially about the discount rates used. 
Stern (2006) assumed the income of future generations to be high and used a discount rate 
close to zero, while other authors use higher discount rates and, hence, calculate lower costs 
of unmitigated climate change (Dasgupta, 2008; Tol, 2002; Nordhaus, 1998). Helm (2005) 
also points out that the practical problems of cost-benefit analysis are considerable. For large-
scale problems, such as climate change, most of the people affected are not around to reveal   65 
their preferences as they have not yet been born. The information on which existing people 
express their preferences is often weak. People know little about the science, the ecology or 
the  causal  links  between  these  environmental  problems  and  their  own  welfare.  The  time 
periods  are  large  and  discounting  in  such  circumstances  is  problematic.  In  electoral 




In terms of infrastructure investments, the literature proposes to invest in so-called 
―no-regret‖  infrastructures.  Preference  should  be  given  to  projects  that  produce  other 
externalities,  or  so-called  ―co-benefits‖  that  justify  the  investment  in  the  low-emission 
infrastructure (Corfee-Morlot, 2009a). In the transport sector co-benefits of bus rapid transit, 
cable cars, and so forth are improved air quality, safety and travel-time savings. The co-
benefits of leak and water-wastage reduction include the conservation of water resources and 
cost saving from reduced energy bills. Waste-water treatment leads to improved public health 
as well as the reduction of odours (World Bank, 2010c). 
Furthermore, it has been argued in the literature that strict environmental regulation 
can lead to innovation and economic efficiency gains. This idea has been named ―the Porter 
Hypothesis‖. Porter (1991) and Porter & van der Linde (1995) showed theoretically that strict 
environmental regulation does not necessarily lead to decreased competitiveness (due to an 
increase in production costs) but – rather – to increased productivity and private benefits of 
the company. Empirically, however, this hypothesis could not be validated (except for case 
studies) but has often been invalidated. Ambec & Barla (2001) show, however, that due to 
many  limitations  of  this  empirical  research,  it  is  probably  too  early  to  definitively  reject 
Porter‘s idea. 
 
4.3   Urban Infrastructure in the Face of Climate Change 
 
Infrastructure that is central to economic development is expected to play an important 
role in climate-change mitigation. Infrastructure creates externalities by emitting greenhouse 
gases.    66 
Figure 10 : Global GHG Emissions per Sector in 2004  
 
        Source: IPCC (2007)  
 
 Currently,  urban  infrastructure  contributes  to  the  overall  GHG-emissions  of  an 
economy.    All  urban  infrastructures  (buildings,  energy,  waste,  transport)  are  directly  or 
indirectly (for example, transport encouraged by the construction of roads) responsible for 
over  50%  of  greenhouse-gas  emissions  worldwide  (IPCC,  2007).  Figure  10  shows  the 
emissions per sector. 
 
In Table 4 direct and indirect emissions from three types of urban infrastructure are 
compared: buildings, waste management and transport. Infrastructure can directly emit GHG 
or lead to indirect emissions.  
For example, in waste management the waste land-filling and wastewater-treatment 
process directly produces methane, whereas in transport infrastructure indirect emissions are 
the most important. In fact, 62% of the emissions come from small passenger cars that use 
public-road infrastructure. In the building sector, there are direct emissions resulting from 
heating and cooling as well as indirect emissions that are due to heat consumption in public 
and residential buildings, and so forth The table also presents the key mitigation technologies 
that are available to reduce emissions as well as the projected annual emissions, the mitigation 
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Emitting entities  Key mitigation 
technologies and practices 
currently  available 
commercially 
Emission-reduction 
potential and annual 
investment needs 
Buildings  Direct emission 
from the 
combustion of 
















Efficient lighting and 
daylighting, more efficient 
electrical appliances and 
heating and cooling devices, 
improved cooking stoves, 
improved insulation, passive 
and active solar design for 
heating and cooling, 
alternate refrigeration fluids, 
recovery and recycling of 
flurionated gases. 
Projected annual 
emission in 2030: 12.6 
Gt CO2;  
Mitigation potential in 
2030: 3.5 Gt CO2;  
Additional annual 
















Landfill methane recovery, 
waste incineration with 
energy recovery, composting 
of organic waste, controlled 
wastewater treatment, 
recycling and waste 
minimization. 
Projected annual 
emission in 2030: 1.7 Gt 
CO2;  
 
Mitigation potential in 
2030: 1.5 Gt CO2;  
 
Additional annual 
investment needs: 8 
billion Euro. 

















More fuel-efficient vehicles: 
hybrid vehicles: cleaner 
diesel vehicles, biofuels, 
modal shifts from road 
transport to rail and public-
transport systems and 
reduced transport needs 
(through telecommuting, 
behavioural change) non- 
motorised transport 
(cycling), land- use and 
transport planning. 
Projected annual 
emission in 2030: 11.4 
Gt CO2;  
 
Mitigation potential in 
2030: 3.2 Gt CO2;  
 
Additional annual 
investment needs: 300 
billion Euro. 
Source: UNCTAD (2010) 
 
According to UNCTAD (2010) emissions from the waste and wastewater sector  – 
mainly landfills and wastewater treatment – can be reduced at a relatively low cost (compared 
to transport and buildings). The abatement potential lies to a very large extent in landfill 
methane recovery. Transport accounts for the biggest share of emission, but is also the most 
expensive  sector  for  emission  abatement  with  additional  annual  investment  needs  of  300 
billion Euros. 
Emissions are most likely to be achieved first in sectors where they are the cheapest, 
for example, in the waste sector. In any case, public intervention will be needed in order to 
incentivise the different actors involved in the infrastructure development to invest in new 
technology and to reduce emissions.    68 
4.4   Economic Instruments for Climate-Change Mitigation in the 
Infrastructure Sector 
 
By  emitting  greenhouse  gases  (GHG),  infrastructure  projects  produce  a  global 
externality. However, they do not directly face the full consequences of the costs of their 
actions, neither via markets nor in other ways. If full costs of GHG emissions, in terms of 
climate change, are not immediately and directly borne by the emitters, they face little or no 
economic incentive to reduce emissions (Stern, 2007).   
Economic  or  market-based  instruments  that  create  incentives  to  internalise  these 
externalities have been developed in economic literature
25. There are two classic approaches- 
that of Pigou and that of Coase. They are regarded as the ―cornerstones of environmental 
economics‖ (Helm, 2005, p. 4).   
Pigou (1932) regards the emission of greenhouse gases by a polluting company or by 
an infrastructure project as an externality (or a public-good problem, see Box 2), whereas for 
Coase (1960) externalities are due to a problem of non-assigned property rights.  
The Pigouvian and the Coasean model, the internalisation of the externality creates a price for 
the use of the resources, here the use of the atmosphere as a sink for CO2 emissions. It is 
either the polluter that pays this price in order to compensate the pollutee (a term coined by 
Huber C. & Wirl, F. in 1998, referring to the person who has to bear the pollution) for the 
pollution (in the case of a tax) or the pollutee compensates the polluter for  reducing his 
polluting activities or enlarging his activities that produce positive social benefits (in the case 
of a subsidy). 
Economic instruments that either tax or subsidises the emitter are often applied to (for 
example, carbon taxes) or explicitly designed for (like the landfill tax) urban infrastructure 
projects. The most important economic instruments are taxes, state aid, project mechanisms, 









                                                 
25 Besides economic instruments, so-called ―command & control‖ instruments (such as standards and norms) 
also exist, but they are not looked at in detail in this dissertation.   69 
Box 2 : Pigou’s Model 
Pigou (1932) proposed to tax polluters (here, the emitters of GHG) that because of 
taxation, economic agents will have an incentive to reduce the production of externalities (the 
emission of GHG). The functioning of a Pigou tax is pictured in the following figure. Pigou 
assumes that markets are perfect. 
Let‘s assume that the market for the services provided by an urban drinking-water 
company  is  represented.  It  is  assumed  that  the  water  is  cleaned  by  means  of  a  carbon-
intensive technology. Without public intervention, the water producer does not consider the 
social  cost  created  by  the  GHG  emissions.  The  market  equilibrium  is  established  at  the 
intersection of the marginal private-cost curve and the demand curve (the marginal benefit 
curve of producing the clean water). Here, the 'social cost' of the production of clean water 
(the costs of the CO2 emitted by the project into the atmosphere) is not included in the price of 
the water treatment.  
 
   
Source: based on Fritsch et al. (2007) 
The tax on the CO2 emitted during the production of clean drinking water will be 
equal  to  the  marginal  social  damages  caused,  which  is  the  difference  between  marginal 
private and social costs. Faced with this tax, the emitters would choose the appropriate level 
of emission abatement as part of the production process.  
In the presence of positive externalities,  that is, the public benefits from a market 
activity (for example, because of the use of a new low-emission technology in the production 
process of drinking water) the market tends to under-supply the clean product. In this case, it 
is suggested that Pigouvian subsidies are paid to the producer of this positive externality in 
order to increase the market activity. Pigou subsidies lead to exactly the same result as the tax.    70 
Box 3 : The Coase Theorem 
According to the Coase Theorem (Coase, 1960), the internalization of external effects 
can be achieved by assigning the property rights of the environmental good either to the 
polluter or the pollutee. The two parties will then negotiate either the level of compensation 
for the party suffering from the pollution (the  one bearing a welfare loss  due to  climate 
change) or the level of compensation for the polluter for the welfare loss associated with the 
abandonment of the polluting activity.  The results of the negotiation are the same as for the 
Pigouvian tax/subsidy and the cap-and-trade system. The marginal abatement costs equal the 
marginal cost of pollution.  
There are two types of taxes. ―Climate taxes in the narrower sense‖ are defined as 
taxes for which the amount of emitted GHG is taken as the assessment basis. Taxes for which 
GHG emissions are the implicit determinant but the amount of emissions does not form the 
assessment  basis,  are  categorised  as  ―climate  taxes  in  the  wider  sense‖  (Deutsche  Bank 
Research, 2009). 
Box 4 : The Clean Development Mechanism - a Solution to Finance Urban 
Infrastructure Projects 
Two project mechanisms that finance emission reductions of energy and industrial 
projects  as  well  as  urban  infrastructure  in  developing  and  emerging  countries  have  been 
implemented  by  the  Kyoto  Protocol  are  Joint  Implementation  (JI)  –  used  in  emerging 
countries – and the Clean Development Mechanism (CDM) – used in developing countries. 
These mechanisms allow the project owner to generate carbon credits (so-called Certified 
Emission Reductions, CER, in the case of the CDM and Emission Reduction Units, ERU in 
the case of the JI) for every ton of CO2 equivalent reduced in comparison to a ―business-as-
usual‖ baseline scenario.   
Both mechanisms have been used by municipalities, in most cases in partnership with 
the private sector. Thirteen percent (13%) of all CDM projects registered so far involve an 
urban authority. The CDM has been especially successful in the wastewater-treatment and 
landfill-gas sectors as illustrated in the following table.  
Table: Number of CDM Projects that need Approval by an Urban Authority as of 
March 2010 
 
Source: CDC Climat background material developed for Clapp et al. (2010)    71 
 
Climate taxes in the narrower or wider sense as applied to urban infrastructure projects 
are – for example – fuel taxes in the transport sector and energy taxes in the building sector. 
Other taxes, such as landfill taxes, are not primarily designed to meet climate-change targets, 
but also have an indirect effect on GHG emissions.   
Instead  of  taxing  an  urban  infrastructure  project,  the  local  government,  national 
government or the international community may provide subsidised loans (often provided 
through  public  infrastructure  banks  or  development  banks)  or  tax  exemption  if  a  certain 
quantity of reduced CO2 can be proven.  
Another way of internalising the greenhouse-gas emission by project developers is 
through  project  mechanisms  (see  Box  4  for  a  description  of  the  Clean  Development 
Mechanisms  and  the  Joint  Implementation).  These  mechanisms  compensate  project 
developers for every ton of CO2 equivalent effectively reduced.  
Tradable permit schemes have also been implemented by municipal authorities and 
have so far been used in transport, for example in Santiago, Chile.  





pollution reduction or 
taxation of polluter? 
Urban sector  Examples 
Taxes  Taxation of polluter  Municipal waste  sector  Landfill tax 
Transport  Fuel taxes 
Energy efficiency in buildings, 
street lightning  etc. 
Energy tax 








Municipal waste  sector  Tax exemption for electricity 
generated by waste incineration 
with energy recovery 
 
Transport 
Tax exemption on purchase of 
electrical cars 
Energy efficiency in buildings, 
street lightning  etc. 
Grants or subsidized loans for 






All urban sectors eligible, but 
most often used in waste sector 









Taxation of polluter  All sectors  Voluntary carbon offset 
initiatives among cities (for 
example: City of San Francisco 
for transport ) 
Source: based on Vallé (2007), Eskins (1999), Bulkeley & Kern (2006),  
IPCC (2007) 
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4.5  Uncertainties related to Climate-Change Mitigation Policy 
 
Policy makers that want to put economic instruments in place need to know the social 
cost of carbon in order to set their emission targets or to set a carbon price. The estimation of 
both is subject to significant uncertainty. Uncertainties are attached to the scientific estimates 
of GHG emissions, the responses of the atmosphere as well as the global climate to increased 
GHG concentration. In fact, the economic models used to forecast the impacts of a changing 
climate on the economy are also constructed under great uncertainties. As Guo et al. (2006) 
pointed out, the assumed rates of economic growth – as well as the method used to estimate 
non-market impacts – have a significant impact on the outcome of the economic models (or 
the results, which are the estimated social cost of carbon). 
Furthermore, an economic valuation of the social costs demands placing a value on the 
loss of life, for example. This is difficult as ethical value judgments are necessary. Another 
source of uncertainties is, hence, related to the different values across time and regions and 
the choice of a discounting scheme and equity-weighting scheme, respectively.  
The social cost of carbon is usually estimated as the net present value of climate-
change impacts over the next 100 years (or longer) of one additional tonne of carbon emitted 
into the atmosphere today. It is the marginal global damage costs of carbon emissions. A wide 
range  of  authors  have  calculated  these  costs.  Clarkson  &  Deyes  (2002),  for  example, 
calculated the social costs of carbon 105 USD per ton of CO2 with a range of 52–210 USD 
per ton of CO2 
The  enormous  range  of  estimates  in  the  SCC  reflects  both  the  sheer  size  of  the 
uncertainties in our understanding of future climate change, future socioeconomic variables 
and also the particular ethical parameters adopted in each model (Guo, J. et al., 2006)
26. 
To make the vicious circle complete (see  Figure 11), these uncertainties associated 
with the estimation of economic impacts feed into the policy-makers decision making. Their 
decisions to fix a certain carbon price (tax system) or the quantities of allowed emissions will 
impact the manmade GHG emissions. 
                                                 
26 It is generally agreed that in the course of time, policy makers will have to restrict further the quantities as the 
price  signal  should  trend  upwards.  The  marginal  damage  of  carbon  tends  to  increase  with  the  level  of 
atmospheric concentration of CO2 (Stern, 2007). Sinn (2008) expresses doubts about the effectiveness of such a 
climate change policy. He formulated the ―Green Paradox‖ to describe the fact that an environmental policy that 
becomes more stringent over time induces the owners of fossil-fuel resources to anticipate resource extraction 
and – hence – to accelerate global warming.   73 
Figure 11: Uncertainties in Mitigation Policy 
 
Source: IEA (2007b), p.22 
 
Uncertainties attached to abatement-technology costs render the policy makers‘ job 
even more difficult
27. The uncertainties attached to the long-term economic impacts as well as 
uncertainties related to long-term abatement-technology costs create uncertain financial costs 
and  revenues  for  companies,  especially  in  the   case  of  long -term  investments  in  built 
infrastructure. 
 
5  INTEGRATING  RISKS  RELATED  TO  CLIMATE  CHANGE 
MITIGATION ACTION INTO PUBLIC-PRIVATE PARTNERSHIPS 
 
The challenges of public-private partnerships in urban infrastructure projects and the 
way  public  and  private  partners  can  share  risks  and  responsibilities  have  been  described 
above. Furthermore, it has been shown that global economies face new challenges in the face 
of climate change. Infrastructure projects play a special role in climate-change mitigation 
action.  Economic  instruments  have  been  developed  that  incentivise  project  developers  to 
internalise climate-change externalities. 
In this section how far public-private partnership (PPP) can contribute to tackle the 
challenges  associated  with  climate  change  mitigation  action  will  be  analysed.  The  most 
significant risks caused by mitigation policy are presented and how public and private actors 
can share these risks most efficiently in PPP is analysed.  
                                                 
27 Short-term abatement costs are also widely unknown to the regulator as there are information asymmetries 
between the regulator and the polluting company. The regulator is not able to estimate the abatement costs unless 
he does not provide adequate incentives for the polluting company to reveal the true abatement costs.   74 
5.1   Public-Private  Partnerships  in  the  Face  of  Climate  Change  Mitigation 
Policy: New Risks to Be Managed 
 
Infrastructure project developers are incentivised to reduce their emissions through 
regulation.  
The  regulator  tries  to  make  both  sides  of  the  market  (that  is,  the  customers  or 
beneficiaries on the one hand and the owner and operator of the infrastructure services on the 
other hand) take into account the climate-change externalities in their decision making. By 
reducing the quantity of consumed carbon-intensive services (demand-side approach) or by 
reducing the carbon intensity of the service (supply-side approach), climate-change risks for 
society will be reduced. 
Here, mainly the supply side will be looked at. The demand side is integrated later on 
under market risks that need to be taken into account by the supplier of the infrastructure 
services. 
When applying regulatory instruments, the regulator tries to pass on risks created by 
climate change to the polluter, that is, the supplier of carbon-intensive infrastructure services 
This incentivises the polluter to reduce his emissions and his impact on the climate and hence 
reduce the overall risks for society (Figure 12).  
Taxation  on  the  polluter  increases  his  (financial)  costs  and  the  risks  that  more 
payments  are  necessary  if  GHG  cannot  be  reduced  as  planned  due  to  unforeseen 
circumstances. Compensation for pollution reduction would reduce the (financial) costs for 
the project participants but would make him also bear the risk of unforeseen failure to reduce 
GHG, which would lead to a reduction in the payments. In both cases, additional risks for the 
different partners involved in public-private partnerships are created, the so-called abatement 
risks. These abatement risks include technological risks, operational risks, regulatory risks, 
monitoring risks and others.    75 
Figure 12: Internalising Climate-Change Mitigation Risks into PPP through Public 
Regulation 
 
      Source: author 
 
The basic principle of the risk-assessment framework used in the present analysis is 
taken from Hart (2007)
28. The idea is to apply the standard risk classification of infrastructure 
finance risks to the case of the development of low-emission infrastructure (see Table 6).  
Nemes (2011, p. 4) defines the production risk as ―the risk that actions or inputs will 
not  lead  to  the  desired  outcome‖.  In  the  case  of  innovative  technology,  these  risks  are 
especially significant. The technology shift represents the extra costs of the project due to 
climate concerns and they are not directly compensated by the project‘s benefits 
Market  risks  in  low-emission  infrastructure  projects  are  due  to  the  problem  of 
willingness-to-pay.  Especially  in  many  developing  countries,  where  pollution  is  not 
considered a public bad, project developers may not be able to recover the full costs of the 
new, more-expensive technology due to resistance from the general public. The World Bank 
(2009) identifies a ―green gap‖ in public attitudes in which the awareness of climate change 
has  grown  without  translating  into  widespread  individual  action.  Concern  about  climate 
change does not necessarily mean understanding its drivers and dynamics or the responses 
needed.  Often  causes  and  consequences  of  climate  change  are  barely  understood  by  the 
public. This is, among other things, due to the significant uncertainties that exist regarding the 
current scientific models. 
                                                 
28 While Hart (2007) also integrated adaptation risks into his analysis, the emphasis here is on risks associated 
with the development, financing and operation of low-emission infrastructure.   76 
Table 6 : Assessment Framework for Risks associated with Climate Change Mitigation 
Action 
Conventional risk category  Corresponding climate-change risks 
Technology risk  More complex carbon-neutral technology 
More costly technology/infrastructure 
Market risk  Changing consumer attitude and preferences 
(developed countries) 
Reputation risk for emission/environment 
(developed countries) 
Cost recovery for carbon-neutral technology 
(developing countries) 
Environmental regulatory risk  Increasing complexity of regulation 
Uncertain or fragmented regulation 
Increased disclosure and monitoring obligations 
Political risk  Deadlock/uncertainty 
Incomplete institutional arrangements 
Operating risk – cost  Complex technology increase operational and 
maintenance costs 
Operating risk – management capacity  Increased demands on technical capacity 
More management resources demanded 
Capital markets/finance risk  Financial-asset values 
Innovation causes capital obsolescence 
Scale/transaction costs 
Source: based on Hart (2007), pp. 77-78 (reduced for present analysis by author) 
 
The fact that environmental benefits related to climate-change mitigation policy and 
the employment of new technologies are not valued by the general public, the willingness-to-
pay for low-emission infrastructure tends to be low.  
Regulatory risks have also been widely treated in the literature. As was shown in the 
previous section, mitigation policy is subject to significant uncertainties. They translate into 
regulatory  risks.  It  is  generally  expected  in  economic  literature  that  the  regulatory  risks 
associated  with  an  unstable  regulatory  environment  lead  to  the  reluctance  of  investors  to 
invest in projects that are subject to climate-change mitigation policy.  
Rajamony (2010, p.2) bases his analysis on Kahneman & Tversky (1979) and argues 
that investors are used to dealing with uncertainties, but are very reluctant to invest in those 
where  the  probability  distributions  are  completely  unknown,  as  investors  are  ambiguity 
averse. The author finds ―that if climate-change policy is ambiguous, investors will not back 
the best-possible technology, but instead back the one that will leave them with the least 
probability of loss‖. 
Blyth and Yang (2006) analyse the incentives for a company faced with a decision on 
whether to invest in polluting or low-emission infrastructure by means of an economic model. 
If a company expects a decision on a new climate policy at some point in the future, it risks a 
loss later if it makes the wrong call on policy now. If it waits until the policy is agreed upon, it   77 
can make a more informed choice. Given this uncertainty, a much higher expected profit level 
would be required to trigger the investment now. The IEA (2007b) also develops a simple 
economic  model  explaining  the  benefits  attached  to  postponing  investment  decisions  and 
comes to similar conclusions. 
Another aspect of regulatory risks is disclosure and monitoring risks. Measurement 
risk is the risk that the scientific tool used for assessing these outcomes is subject to error 
(Nemes, 2011). Monitoring of the emission reductions is usually as important as the emission 
reductions  itself.  Monitoring  and  reporting  is  required  under  every  regulatory  instrument. 
Often  specific  rules  apply  under  different  regulatory  mechanisms.  Technological  and 
operational  know-how  is,  therefore,  crucial  for  success.  Nevertheless,  monitoring  is 
associated with high uncertainties for the project developers.  
Operational risks are important as low-emission infrastructure projects often have 
higher  operational  and  maintenance  costs  compared  to  conventional  projects.  Costs  are 
increased due to complex technology. More technical and management capacity are necessary 
in order to avoid cost overruns (Hart, 2007). 
Capital-market  and  financial  risks  occur  as  access  to  capital  is  lacking  for 
innovative-technology  development,  which  is  also  a  common  market  barrier.  Often  new 
technologies do not qualify for traditional sources of financing or under conventional lending 
criteria, especially when banks are unfamiliar with these new technologies (IEA, 2007a).  
5.2   Technology  Transfer and Private  Financial Resources  in Low-Emission 
Infrastructure Projects 
 
  The development, implementation and operation of low-emission infrastructure call 
for the integration of new private actors that have the respective technological know-how.  
In most cases, the environmental technological innovation employed is the so-called 
―end-of-pipe technologies‖. They are process-related measures and are to be distinguished 
from integrated technologies. End-of-pipe technologies are add-on measures put in place and 
operated in order to comply with environmental requirements. They do not essentially change 
the  production  process  as  integrated  technologies  do  (Frondel,  2004)  (Box  5  provides 
examples from the urban sector). 
According to UNCATD (2010), these end-of pipe technologies are often transferred to 
developing countries through public-private partnerships (PPP). PPP may, for instance, be 
structured  as  build-operate-transfer  (BOT)  arrangements  with  transnational  cooperations   78 
(TNCs)
29 that can provide capital and cutting-edge technology. The TNCs are usually part of 
the environmental goods-and-service industry (the eco-industry)
30. By means of  these PPP, 
the technology is disseminated to local partners. Local partners are trained and the facility or 
plant  is  transferred  to  the  local  partners  after  an  agreed -upon  period.  ―Low-carbon 
technologies, such as power, waste management and industrial cogeneration projects are well 
suited for public-private partnerships‖ UNCTAD (2010, p. 133). Examples for the different 
roles of public and private actors in the provision of low-carbon infrastructure services in 
different urban sectors are presented in Table 6. 
 
Table 6: The Role of Public and Private Actors in the Provision of Low- 




Sector of emission 
 
Role of public 
sector 
 
Role of private 
sector 
Low carbon product/services foreign 
investment (that is, TNCs supplying 
products and services to entities in sector) 
Buildings  Owner or tenant of 
a building 
Owner or tenant of a 
building 
Appliance manufacturers, building materials 
manufacturer, heating/cooling manufacturers, 
lighting manufacturers, architecture services. 
Waste Management  Finances and 
provides the 
facilities, such as 
waste-water 
treatment plants 
and landfills, and 
so forth 
May also provide the 
facilities, but more 
often acts as operator 
of facilities, waste 
produced by private 
households 
Waste  management  service  firms, 
engineering/environmental consulting firms. 
Transport  Usually finances 
the infrastructure, 
such as tracks, 
roads, and so forth 
Private sector may 
operate roads and 
tracks, private 
households are users 
of roads 
Transportation-equipment manufacturers (car, 
air, rail and so forth), systems providers (for 
example, mass transit railways), biofuel 
producers, engineering/environmental 
consulting firms. 
Source: based on UNCTAD (2010)  
 
If TNCs are part of public-private partnerships, they can bear project risks or simply 
provide their services without taking on project risks. Thanks to their know-how, they are 
supposed to bear technological and operational risks at lower costs than their partners.  
 
                                                 
29 ―A transnational corporation (TNC) is generally regarded as an enterprise comprising entities in more than one 
country,  which  operate  under  a  system  of  decision  making  that  permits  coherent  policies  and  a  common 
strategy‖ (www.unctad.org >programmes>sources>glossary, 2011). 
30 OECD & Eurostat (1999,  p.9) developed the following definition of this industry: ―The environmental goods 
and  services  industry  consists  of  activities  which  produce  goods  and  services  to  measure,  prevent,  limit, 
minimise or correct environmental damage to water, air and soil, as well as problems related to waste, noise and 
eco-systems.  This  includes  cleaner  technologies,  products  and  services  that  reduce  environmental  risk  and 
minimise pollution and resource use.‖ In general, the EU eco-industry (that comprises mostly the pollution-
management and resource-management sectors) has become one of Europe‘s biggest industrial sectors. It has an 
annual turnover of more than €227 billion or about 2.2% of the EU‘s GDP. Its annual growth rates stood at 5% 
in the 1990s (European Commission, 2006).   79 
Box 5 : End-of-Pipe Technology and TNCs in CDM Projects in the Waste Sector 
Under the CDM the following end-of-pipe technologies have also been financed. 
CDM Opportunities in the Urban Sector - Some Examples 
 
Source: based on UNEP RISOE pipeline  
Greenhouse-gas emission abatement on landfill is technically feasible by installing a 
system that captures and flares the methane gas created by organic waste. In many cases, also 
electricity is generated. The greenhouse-gas emitter is, therefore, the landfill operator who 
acts on behalf of the waste-producing population, the polluter according to the polluter-pays-
principle.  
Landfill Gas-Flaring Projects and GHG Abatement 
 
  Source: French Government (2008), p. 78 
 
These technologies are often put in place by TNCs that are already involved in public-
private  partnerships  as  concessionaires  in  charge  of  the  landfill  management.  In  order  to 
benefit from the CDM, they would then invest in a landfill gas-flaring system as an ―add-on‖ 
to their existing technology. Examples for TNCs involved in CDM projects are Veolia, Suez 
and Asja Ambiente (source: CDM project information available on  UNEP Risoe CDM/JI 
Pipeline Analysis and Database, January 2011). 
 
However, for the time being mitigation-specific investment is still rather low and there 
is particularly little private investment that is specifically channelled to low-emission urban 
infrastructure, especially not in developing countries. Corfee-Morlot et al. (2009b) estimate   80 
what they call the ―mitigation specific‖ and ―mitigation relevant‖ financial flows from the 
North to the South between 2000 and 2007 (Figure 17).  
Mitigation-relevant investment is not officially declared to be ―green‖ but flows into sectors 
where  mitigation  potential  is  significant.  Mitigation-specific  investment  is  defined  as 
investment that is channelled to projects that can be clearly identified as low-carbon projects 
(Corfee-Morlot et al., 2009b). 
Figure 13 : Mitigation-Relevant and Mitigation-Specific Investment Flows from North 
to South 
 
CDM= Clean Development Mechanism, FDI= Foreign Direct Investment, GEF= Global Environmental Fund, 
MDB= Multilateral Development Bank, ODA= Official Development Assistance. 
Source: Corfee-Morlot et al. (2009b), chart taken from Corfee-Morlot (2009) 
 
The largest share is the mitigation-relevant foreign direct investment (FDI), which is 
estimated to include a large share of infrastructure investment. However, it is not possible to 
identify the exact amount of FDI that has been channelled to low-emission infrastructure 
projects. 
UNCTAD (2010) tries to estimate low-carbon FDI by using a different method. They 
identify 1,725 cases of Greenfield investment in renewable energy, recycling activities and 
environmental-technology manufacturing (wind turbines, solar panels, biodiesel plants, and so 
forth) between 2003 and 2009 and 281 cases of cross-border mergers & acquisitions (M&A) 
in renewable electricity generation
31. A total of 149 billion USD were invested in developing 
countries in these three sectors between 2003 and 2009.  
                                                 
31 « A firm can enter a host country in one of two main forms of FDI: greenfield FDI is new investment made by 
setting up a new foreign affiliate, while cross-border M&As involve a change in the control of assets and 
operations of the merged or acquired firm » (www.unctad.org).   81 
Bilateral ODA donors also play an important role in this context. As Golub et al. 
(2011) remind us, ODA can complement FDI, especially in the poorest countries, where ODA 
is used to develop local infrastructure and will subsequently attract private financing.  
Bilateral  and  multilateral  development  banks  have  played  a  predominant  role  in 
financing low-carbon infrastructure, ever since the G8
32 in 2005 recognised their possible 
contribution to respond to global climate change (Nakhooda, 2008).  
Attridge et al. (2009) estimate finance for mitigation (excluding carbon finance) delivered by 
four  major  MFIs  –  the  World  Bank,  Inter-American  Development  Bank  (IDB),  Asian 
Development Bank (ADB) and European Bank for Reconstruction and Development (EBRD) 
– in 2007 to stand at around 3-4 billion Euros (Attridge et al., 2009). 
It has been shown that public and private actors cooperate in the financing of low-
emission infrastructure. Public resources (such ODA) are often used to attract private FDI as 
this implies a technology transfer in general. Responsibilities and risks, therefore, will be 
shared between public and private actors.  
5.3   Public-Private Sharing of Risks associated with Mitigation Action 
 
The  risk-sharing  principles  derived  from  the  respective  economic  literature  (see 
Section 3.3 of this chapter) can be applied to the newly identified climate risks (see Section 
5.1) and actors (see Section 5.2). These principles can be applied to the sharing of climate-
change risks. 
A type of risks is to be supported by the partner 
  - who can best control the risky outcome, 
  - who can diversify or pool the risks at the lowest costs, 
  - who is least risk-averse, 
  - who benefits the most from the climate-change components of the project. 
Based on these principles how the new operational, technological, market, political 
and regulatory risks are to be shared in public-private partnerships will now be analysed.   
 
Operational risks 
In the case of a the low-emission technology being operated by a private operator, the 
risks  associated  with  the  operation  of  the  infrastructure  should  be  borne  by  the  private 
operator as he will be in the best position to manage and mitigate the risks. In fact, project 
risks  associated  with  business  interruption  (other  than  force  majeure)  –  with  the  realised 
emission reductions, the adjustment of the baseline scenario and with uncertain abatement and 
                                                 
32 The G8 is an economic partnership of the following eight countries: USA, Japan, Germany, France, UK, Italy, 
Canada and Russia.   82 
transaction costs – should be borne by the private operator as it can directly influence the 
operational process and the generation of emission reductions and is, hence, incentivised to 
perform these tasks in the best possible way.  
 
Technological risks 
To  what  extent  technological  risks  are  shared  between  public  and  private  actors 
depends on the maturity of the technology. Figure 14 shows in a stylized fashion the typical 
pattern of involvement of public-and private-sector finance at different stages of technology 
development. An acceleration of technology development in all sectors will require increased 
public funding for research and development (R&D) and demonstration to leverage private 
finance. Policies to promote technologies that are nearly at the commercial stage, and policies 
that mandate or reward emission reductions, are also needed (UNFCCC, 2008). 
Figure 14 : Public- and Private-Sector Roles in Financing Technology Change 
 
 
Source: UNFCCC (2008), p. 8 
 
For example, in the waste sector the landfill gas-flaring technology is already widely 
diffused and probably also commercially competitive in Europe and North America due to 
existing regulation.. Other technologies, however, may still be in their infancy.  
As Gross, R. et al. (2007) state, the public sector also has a role to play in order to 
reduce information asymmetries in this context. Information about costs and performance for 
new technologies is often revealed through market activity. This why the state should pay risk 
premiums to ―first movers‖ (p.5), since these higher risk investors will reveal cost and risk 
data for the wider market.  
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Box 6: Rent Sharing in the Río Frío Wastewater Project - a Case Study 
The Río Frío Wastewater-Treatment Project is chosen as a case study to show how 
market risks can be managed in projects financed under the Clean Development Mechanism 
(CDM). 
The Río Frío Wastewater-Treatment Project‘s objective is to reduce greenhouse-gas 
emissions from the wastewater-treatment sector in the metropolitan area of Bucaramanga, 
Colombia, through its modernization. The project will be developed, managed and operated 
by a regional public-sector entity. This modernization of the waste-water treatment will result 
in abatements of methane (CH4) and nitrous-oxide (N2O) emissions of about 39 kilo tons of 
carbon-dioxide equivalents per year (kton CO2eq/year) and in an improved effluent quality 
from  the  plant.  Project  costs  stand  at  US$  10.7  million  in  the  first  stage  of  the  project, 
excluding the transaction cost associated with the emission reductions as well as the social 
program. The project will expand its capacity in 2012, implying an additional investment of 
US$5.3 million. Carbon revenues represent roughly 10% of total project costs. The sharing of 
the carbon rent between the sponsors and the customers helped to overcome asymmetries 
related to the low willingness and ability to pay of the final customers. In Colombia, where 
the national income is rather low (in 2008 the gross national income/capita stood at 4660 
USD  according  to  the  World  Bank,  2008)  and  little  environmental  regulation  is  in  place 
concerning CO2 emissions, there is little willingness to pay for the low-emission waste-water 
services. 
The financial analysis shows that the user charges that cover investment and operating 
costs for the expansion and improvements of the wastewater-treatment plant are reduced by 
30% thanks to the income offered by CERs.  
Furthermore, a social (community-benefits) program is supported with 15% of the net 
revenues from carbon-emission reductions. It is supposed to render the project better accepted 
by its final customers. 
Note that the project has not yet been registered under the CDM. 
Source: World Bank (2005) 
 
Demand-side risks 
Demand-side risks are due to a low willingness-to-pay of customers in developing 
countries. The demand risk can be managed by sharing the carbon rent with the customers (in 
the case of a subsidy) or by not passing on the additional costs (in the case of a tax). In fact, 
the implementation of a carbon price by a regulatory mechanism (such as taxes or project 
mechanisms) results in the creation of a carbon rent. By putting a price on emission or by 
capping the overall authorised emission of GHG, the right to emit becomes rare and a new   84 
economic value is created.  This economic value is a rent that adds to the costs of the CO2 
producers and incentivises them to reduce emissions (De Perthuis, 2009, 2010). How the 
carbon rent is distributed between the supply and the demand side depends on the elasticities 
of demand and supply
33. Box 6 provides an example of a how the carbon rent can be shared 
with the customers of local infrastructure projects financed under the Clean Development 
Mechanism. 






Risks associated with  
integration of climate-change  
objectives into the project 
Private sector  
(PPP operator) 
Risks associated  
with integration of  
climate-change objectives 
into the project 
Planning  Project 
specifi– 
cation 
  Methodology development 
and approval 
  DOE validation 
  Links with foreign partner 
 







  Research and development of 
new technology, market risks  
Techno– 
logical risks 







  Willingness-to-pay for the 
provision of environmentally 
sound, but costly, services  
Demand  
risks 
  Willingness-to-pay for 
the provision of 
environmentally sound, 
but costly, services 
    Operational 
risks 
  Environmental quality 
of the project in terms 





  ―Act of nature‖ that are not yet 
covered in insurance contracts, 




  Conventional insurance 
contracts (ex. insurance 




  Uncertainties related to 
mitigation policy of national 
and local governments 
  Quality/Quantity control 
regarding the actual reduced 
emissions by the project 
   
Political 
risks 
  Changes in priorities at the 
city or other important level 
  Government budget and 
carbon positions 
  Departure of one key 
participant of municipal 
climate action plan 
   
Public guarantees, subsidies, subsidised loans  Financing costs 
Governance risks 
Residual risks 
  Source: author, based on de Palma et al. (2009), Hart (2007) 
 
 
                                                 
33 The price elasticity of demand measures the degree of responsiveness of the quantity of water consumed, to a 
given change in tariff. Similarly, the elasticity of supply measures the responsiveness of the supply to a change 
in the tariff.    85 
Political and regulatory risk 
Political and regulatory risks are usually borne by the public sector as they are entirely 
out of control of the private sector. Transferring these risks to the private sector would, 
therefore, significantly increase the risk premium to be paid to the private sector. 
 
6   CONCLUSIONS 
 
In this chapter, whether public-private partnerships are an adequate way to finance and 
develop low-emission urban infrastructure projects was analysed.  
Based on an extensive literature review it was shown that, in principle, general, public-
private  partnerships  (PPP)  provide  an  opportunity  to  attract  private  financing  for  local 
infrastructure  projects.  However,  PPP  are  complex  and  little  private  financing  has  been 
attracted so far. Furthermore, local projects have often encountered difficulties.  
If climate-change risks are factored into PPP, things are likely to become even more 
complex. Little private investment has been channelled to low-emission urban infrastructure, 
especially not in developing countries. Nevertheless, private participation in low-emission 
urban infrastructure seems necessary as their know-how and financial resources are needed. 
Public incentive mechanisms are needed in order to attract private partners.  
One sign of hope seems to be the Clean Development Mechanism (CDM). However, 
in order to attract sustainably private finance, the economic costs and benefits of different 
contractual structures have to be well researched.  
Based on the climate-change risk-assessment matrix developed by Hart (2007) and the 
general principles of risk sharing in economic literature on public-private partnerships, this 
chapter  developed  principles  of  risk  sharing  of  specific  climate-change  risks  between  the 
public and private sector. In the following chapter, the particular case of the CDM will be 
analysed. A conceptual framework that can be used to understand the particular challenges 
and opportunities of climate-change risk-sharing arrangements in local infrastructure projects 
financed  under  the  CDM  is  developed.  In  particular,  whether  and  how  risk-sharing 
arrangements  in  projects  developed  under  the  CDM  can  lead  to  incentive  problems  and 
economic  and  environmental  inefficiencies  will  be  analysed.  How  contracts  need  to  be 
designed to avoid these problems is further analysed as well. 
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ANNEX 
 
Annex 1 : The Criteria of Investment Decision Differ between the Public and Private Sector 
In general, it can be observed that private investment decision-making includes (but is 
not  entirely  comprised  of)  financial  cost-benefit  analysis,  while  public  infrastructure 
investment is often carried out to achieve the direct- and indirect-economic benefits (with the 
requirement  that  the  project  is  financially  sound).  Private  firms  do  not  usually  consider 
environmental externalities in their investment decisions, particularly when the benefits are 
very  long  term  (as  with  climate-change  mitigation)  and  outside  the  planning  horizons  of 
private  investors  (Stern,  2007).  In  simple  terms,  investors  consider  the  net  present  value 
(NPV) and calculate the internal rate of return (IRR) of an investment. The net present value 
(NPV)  of  investment  projects  is  the  difference  between  the  discounted  inflow  and  the 
discounted outflow associated with the project. The following formula expresses this concept, 
ignoring uncertainty, and assuming that money for the investment can be borrowed at a risk-
free rate r. 
 
Where, Rt represents the revenue of the project in period t; Ct are the costs of the project in 
period t; r is the discount rate; T is the crediting lifetime of the project. 
The internal rate of return is the interest rate for which the NPV is zero. 
 
Public companies and banks add an economic analysis to their financial analysis and 
also take into account the economic costs and benefits of the project. A project will only be 
refused if it is neither financially viable nor economically viable. If it is economically viable 
but not financially viable, it will be financed. Financial sustainability will be achieved through 
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Annex 2: Classification of public and private actors involved in urban infrastructure  
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CHAPTER II 
 
DEALING WITH PARTNERSHIP RISKS IN PROJECTS 
FINANCED UNDER THE CLEAN DEVELOPMENT 
MECHANISM: A CONCEPTUAL FRAMEWORK 
   98 
1   INTRODUCTION 
 
1.1   Context and Literature Review 
 
Climate-change mitigation is high on the policy agenda of national governments and 
international organisations. Local infrastructure projects are regarded as a vehicle that allows 
achieving  greenhouse-gas-emission  reductions  in  the  long  run.  The  Kyoto  Protocol  (an 
international  agreement  linked  to  the  United  Nations  Framework  Convention  on  Climate 
Change [UNFCCC]) that came into force in 2005 put in place project mechanisms, such as 
the  Clean  Development  Mechanism  (CDM),  which  is  supposed  to  incentivise  project 
developers to invest in  new low-emission technology in developing countries. Public and 
private  developers  of  greenhouse  gas  mitigation  components  to  be  added  on  existing 
infrastructure  projects  (such  as  the  installation  and  operation  of  a  landfill  gas  flaring 
technology on an existing landfill) can generate carbon credits for every ton of CO2 equivalent 
that is reduced. The selling of these credits on the international carbon markets provides a 
financial inflow to the developer‘s project. 
It was shown in Chapter I of this dissertation that public-private partnerships (PPP, in 
the  wide  sense
34)  of traditional infrastructure projects   are built on complex  governance 
structures, especially risk-sharing mechanisms that contribute to the economic efficiency of 
PPP. In case  a GHG emission mitigation component is  added to the existing project , the 
design of the risk -sharing mechanisms has to be revisited in orde r to integrate  the risks 
associated with the greenhouse gas abatement action, hereafter called   abatement risks
35, 
which can be broken down into risks related to the regulatory mechanism (here the CDM) and 
technological risks as well as operational- and environmental-monitoring risks.  
New incentive and coordination problems  also  arise.  In fact, partnerships become 
more complex in case the add-on project is developed and operated by specialised partners. 
These new partners will have to cooperate with the operator of the existing infrastructure.  
The objective of this chapter is to  analyse the nature of these incentive problems that 
may arise if new private partners  responsible for the  implementation and operation of the 
greenhouse gas mitigation component financed under the CDM are integrated in the existing 
partnership structures (i.e. the partnerships established for the financing, development and 
                                                 
34 A wide definition of public-private partnerships is chosen in this dissertation. All partnerships between public 
and private actors, as  well as private-private partnerships between the CDM project developer and private-
service providers, are considered here. This definition is wider than the one often used in the literature. In fact, a 
PPP is often defined as a partnership between public and private actors, in which the private actors bear project 
risks.  
35 The abatement risk is the risk that the abatement objective is not achieved and that the amount of generated 
CER is lower than expected.    99 
operation of the existing infrastructure).These incentive problems can either be avoided if the 
owner  or  operator  of  the  existing  infrastructure  project  integrates  the  construction  and 
development of the add-on technology. Alternatively, incentive problems can be mitigated by 
contractual risk-sharing arrangements.  
Well-designed partnership structures will improve the economic and environmental 
efficiency of the existing infrastructure project and the new add-on project.  
If public-private partnerships between partners involved in development and operation 
of  the  existing  infrastructure  projects  and  those  involved  in  the  development  of  the 
greenhouse gas mitigation component are rendered more efficient, it can be assumed that 
more private financing will be attracted for urban low-emission projects. 
This  chapter  contributes  to  a  small  amount  of  literature  on  this  subject.  Sippel  & 
Michaelowa  (2009)  presented  governance  problems  in  urban  CDM  projects.  Clapp  et  al. 
(2010)  provided  a  detailed  case-study  analysis  of  urban  infrastructure  projects  developed 
under  the  Kyoto  Protocol  mechanisms  and  found  that  risk-sharing  arrangements  are  an 
important  factor  for  success.  Forsyth  (2007)  analyses  the  role  of  partnerships  between 
investors, state actors and citizens based on different case studies taken from different CDM 
sectors.  He  identifies  successful  contractual  arrangements  for  technology  transfer  and  the 
local  ―development  dividend.‖  However,  the  present  analysis  appears  to  be  the  first  that 
attempts to identify partnerships and risk-sharing arrangements by taking into account the 
existing infrastructure project and the greenhouse gas mitigation component financed under 
the CDM based on an extensive economic literature review. 
Landfill gas-flaring projects that do not generate electricity will be used as a case 
study for the present analysis. The interesting aspect for our analysis is that the landfill gas-
flaring projects have a single stream of income that is only related to the reduction of CO2e. 
Environmental and economic success is, therefore, two sides of the same coin. Furthermore, 
these projects can be considered as more risky than those that generate additional income 
streams. Landfill gas flaring projects that generate electricity have been excluded from the 
analysis as they generate an additional income stream though electricity sales and therefore 
can diversify risks. The rationale behind this choice was to focus on a risky type of projects: 
the higher the average risk, the easier it would be to analyse risk management strategies and 
their efficiency. 
Another interesting aspect for the present analysis is that private companies have, in 
fact,  taken  the  lead  (61  out  of  75  projects  [81%]  of  all  registered  projects  by  the  CDM 
Executive Board are owned by private companies according to UNEP RISOE pipeline as of 
1
st January, 2011) and have been involved in PPP with the local municipalities.    100 
1.2   Research Methodology 
 
The economic theory used to identify incentive problems in partnership structures in 
landfill gas-flaring projects financed under the CDM stems from a number of sources. These 
include the incentive and principal-agent theory, transaction cost theory, the economic theory 
of PPP as well as the literature that analyses the environmental goods and services (―eco-
industry‖)
36. 
Figure 15 presents graphically the research approach and literature used in this 
chapter. 
The idea is to adapt the literature that analyses public-private partnerships in urban 
waste-management projects in general to the case of projects that use innovative end-of-pipe 
technologies as an add-on to the existing infrastructure in order to reduce their greenhouse-
gas emissions.  
Authors, including Hart (2003), Bennet & Iossa (2004) and Dewatripont & Legros 
(2005), have analysed the modalities of the increasing private participation in infrastructure 
development and operation in general. Their work is based on the theory of incentives and 
principal-agent (Laffont & Tirole, 1993) as well as the transaction cost theory (Coase, 1935, 
and Williamson 1981; 1986; 1996).  
This  literature  has  also  been  applied  to  the  waste  sector  (conventional  waste-
management project). Theoretical and empirical studies have been carried out (Dorvil, 2007; 
Walls et al., 2003; Walls 2003). 
 
In  the  present  analysis  the  literature  is  applied  to  a  new  area  of  research  -  the 
development of infrastructure projects that use a low-emission technology as an add-on to an 
existing infrastructure project. The partnership structures of these more complex projects are 
analysed on two levels. First, the relationship between the municipality and the CDM project 
developer, i.e. the developer of the greenhouse gas mitigation component, is analysed and 
investigated to find out whether it is more efficient to delegate the development of the CDM 
project to a specialised CDM project developer or to the operator of the existing infrastructure 
project.  The  literature  on  the  environmental  goods-and-service  industry  or  ―eco-industry‖ 
(David & Sinclair-Desgagné, 2005; 2010; Nimubona & Sinclair-Desgagné, 2010) is used to 
answer this first question. Companies active in the eco-industry, such as companies in the 
waste  sector,  are  external-abatement  suppliers.  This  stream  of  literature  deals  with  the 
                                                 
36 OECD & Eurostat (1999,  p. 9) developed the following definition of this industry: ―The environmental goods 
and  services  industry  consists  of  activities  which  produce  goods  and  services  to  measure,  prevent,  limit, 
minimise or correct environmental damage to water, air and soil, as well as problems related to waste, noise and 
eco-systems.  This  includes  cleaner  technologies,  products  and  services  that  reduce  environmental  risk  and 
minimise pollution and resource use.‖   101 
question whether industrial companies should outsource the pollution-abatement activities or 
rather do them ―in-house‖.  
Second,  it  is  analysed  whether  the  building  and  operation  of  the  CDM  project 
component should be bundled (that is, delegated to the same builder and operator or a private-
consortium of builder and operator) or unbundled (that is, delegated to the different operators 
and builders). The analysis is particularly based on work by Hart (2003) and Dewatripont & 
Legros (2005), who have analysed whether the building and the operation of conventional 
infrastructure projects should be bundled or unbundled (delegated separately to a builder and 
operator). 
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The second level of analysis deals with the outsourcing decision along the CDM value 
chain.  Based  on  the  transaction  cost  theory,  an  analysis  is  made  as  to  whether  it  is 
economically  more  efficient  to  outsource  elements  of  the  CDM  value  chain  (that  is, 
technology provision, the development of the Project-Design Document [PDD]
37, registration 
of the project, issuance of the  Certified Emission Reductions [CER]
38 and the selling of the 
CER) to specialised service providers or to integrate them. 
After having analysed whether partnership risks can be avoided by integrating or 
bundling  the  operation  of  the  existing  infrastructure  project  and  the  GHG  mitigation 
component as well as the different parts of the GHG mitigation component, the final section 
investigates  how  the  partnership  risks  can  be  mitigated  if  outsourcing  is  chosen.  How 
contractual structures have to be designed in order to align partner incentives in terms of 
reducing greenhouse-gas emissions is also investigated, while focusing on contractual risk -
sharing mechanisms. 
1.3   Structure of the Chapter 
 
This chapter is structured as follows:  First, the economic principles behind the CDM 
will be explained briefly. It is shown how in a neoclassical framework used by Pigou (1932), 
the CDM allows transferring environmental risks related to climate change to the landfill 
project  owner,  designated  as  the  polluter,  once  he  has  committed  himself  to  a  CDM  by 
providing upfront investment. Subsequently, the assumptions of the theoretical framework are 
softened and it is shown how the environmental incentives created by the carbon price are 
reduced if market failures (such as transaction costs and information asymmetries between the 
different project partners) exist. 
Second,  the  incentives  created  by  the  CDM  for  the  CDM  project  developer  to 
internalise the climate-change externalities created by an existing infrastructure projects are 
described.  Subsequently,  the  sector  chosen  for  this  case  study  and  its  particularities  are 
presented in more detail: the landfill gas-flaring sector. In particular the projects that do not 
generate electricity are looked at.  
It is then shown – based on the existing literature – how market failures, such as 
transaction  costs  and  information  asymmetries  lead  to  the  sub-optimal  internalisation  of 
externalities. In a context of imperfect markets, bounded rationality and limited information, 
partnerships can render the development of the landfill gas-flaring project component more 
                                                 
37 The project design document (PDD) is the key document involved in the validation and registration of a CDM 
project activity. It is one of the three documents required for a CDM project to be registered. The PDD is also 
used as the basis of consultation with stakeholders and is therefore publicly available (CDM Rulebook, 2011a). 
38 CER are the tradeable units of the CDM. One CER is a unit representing one tonne of carbon dioxide-
equivalent (CO2-e) sequestered or abated (CDM Rulebook, 2011a).   103 
efficient. How this can be done is then analysed on two levels: first, Section 3 analyses how 
public-private partnerships should be structured, looking in particular at whether the CDM 
project component should be developed by the landfill operator or by a specialised CDM-
project developer.  
Second, the decisions taken by CDM project owner regarding the outsourcing of parts 
of the CDM value chain to specialised service providers are analysed. The theoretical trade-
off between outsourcing and integration of the different elements of the CDM value chain are 
presented  for  the  landfill  gas-flaring  sector  (that  is,  the  overall  abatement  activity,  the 
technology  provision  and  the  accomplishment  of  the  administrative  and  monitoring 
requirements). 
Section  5  deals  with  the  question  of  how  risk-sharing  arrangements  can  mitigate 
incentive  problems  in  partnerships  between  public  and  private  operators  of  the  existing 
infrastructure project and the CDM project developer as well as between the CDM project 
developer and external service providers. 
 
2   THE  CDM  AS  AN  ENVIRONMENTAL  INCENTIVE 
MECHANISM  AND  INEFFICIENCIES  THAT  PARTNERSHIPS 
HAVE TO DEAL WITH 
2.1   The Economic Principles of the CDM  
 
The Clean Development Mechanism (CDM), a project mechanism under the Kyoto 
Protocol, is an economic instrument that can facilitate the internalisation of CO2-emission 
externalities into the project development and financing of major infrastructures in developing 
countries.    According  to  Pigou‘s  (1932)  model,  the  polluter  is  compensated  for  emission 
reductions  as  the  environmental  value  of  CO2-emission  reduction  within  the  project  is 
monetized.  
In  Coasean  terms,  the  CDM  defines  the  property  rights  regarding  the  use  of  the 
atmosphere as a sink for greenhouse-gas emissions. Property rights, defined due to public 
intervention and the physical attributes of the resource, are specified and made measurable by 
putting a price on a ton of CO2 equivalent.  
In fact, the CDM provides for the possibility to capture the environmental value of 
CO2  emissions  through  the  CER  generated;  they  are  measured  in  metric  tons  of  carbon-
dioxide  equivalent  and  that  correspond  to  the  reduced  emissions  compared  to  a  baseline 
scenario (see Figure 16).    104 
Figure 16: CDM Mechanisms: the Baseline-and-Credit Principle 
 
Source: Delbosc/De Perthuis (2009) 
 
The  issued  CER  can  be  sold  on  the  international  carbon  markets  and  can  be  an 
additional revenue stream (for example, after electricity sales) or the only revenue stream (for 
example, in landfill gas-flaring projects) obtained by a CDM project. Carbon credits can be 
sold on the primary market to different actors
39 at different stages. Once the credits have been 
issued they can be sold on the secondary market, in particular to states and private companies 
that need to acquire carbon credits to meet their national and international CO 2 compliance 
targets.  
Even though the possibility to generate carbon revenues can mobilize entirely new 
projects, the prior motivation of the CDM is not to frame new projects, but to finance new 
technology options that would not have been used without the provision of these additional 
revenues due to market barriers
40 and financial risks. Additionality
41 is an important criterion 
in this context. Only emission reductions that are additional to emission reductions that would 
have occurred without CDM are eligible. The emission reductions must, hence, be a deciding 
factor in the decision to go ahead with the project or not (UNFCCC Marrakech Accord, 2007, 
for more information concerning additionality refer to Michalowa, 2009). 
                                                 
39 Alberola & Stephan (2010) group buyers of carbon credits on the primary market in distinguishing between 
companies  engaged  in  trading  schemes  for  emission  allowances,  financial  investors  covering  carbon  funds 
(investment vehicles which raise public and/or private capital to purchase carbon credits ), banks and financial 
intermediaries, and finally the professional developers of CDM projects. 
40 See, for example, World Development Report by the World Bank (20 09) and World Investment Report by 
UNCTAD (2010) for an analysis of technological and market barriers of new climate-friendly technology. 
41 CDM project developers have to prove the additionality of their projects in order to make them eligible to 
generate carbon credits (CER). This means that it has to be shown that emission reductions would not have 
occurred anyway, i.e. without this project or in the most plausible alternative to the project (the so-called 
baseline scenario, see below) (CDM Rulebook, 2011c).   105 




On the supply side
42, the carbon price is supposed to encourage emitters to invest in 
low-emission technology. As there is one carbon price for all sectors and technology options, 
those projects that can reduce greenhouse -gas emissions the most efficiently (th is means at 
the lowest costs) will be financed first. The driving factor is the carbon rent to be earned by 
project developers,  that is,  the difference between the abatement costs (the additional or 
incremental costs compared to the baseline scenario) and  the revenues to be generated by 
selling the CER on the carbon markets.  
2.2   The CDM in the Landfill Gas-Flaring Sector 
2.2.1 Choice of case study  
 
Due to the strong heterogeneity of urban infrastructure projects as regards the contractual 
arrangements,  the  degree  of  private  participation  and  ownership,  the  way  low  emission 
technology  can  be  integrated  in  the  projects  and  the  size  of  samples  of  statistical  data 
available, a case study had to be chosen for this analysis.  
The  landfill  gas  flaring  sector  seemed  to  be  an  appropriate  case  study  for  the  following 
reasons: 
-  The ―traditional‖ municipal infrastructure project (the landfill management) can be 
easily separated from the greenhouse gas reduction component (the CDM project) as 
the CDM project is only an add-on to the existing infrastructure project. This is not the 
case for all urban infrastructure projects. For example in energy efficiency projects 
often the whole production process is modified and traditional partnership (also called 
                                                 
42 In the present analysis, the emphasis is on the financing of new technology options and – hence – the supply 
side. It has to be kept in mind, however, that the CDM also impacts the demand side. Often the carbon rent may 
be shared with costumers (especially in those cases where there is an additional revenue stream, other than the 
carbon revenues, such as fees for the provision of services). This sharing of the carbon rent can be transferred 
into a reduction of these consumer fees. This way the CDM may not only have an impact on the supply side but 
also on the demand side. Consumers will be encouraged to increase the use of the less-polluting infrastructure 
services (such as treated-water or waste-management facilities).   106 
agency problems) would have been difficult to distinguish from partnership risk that 
are directly related to the integration of the low emission technology, 
-  There is a sample of a reasonable size (75 projects), 
-  There is significant private participation. 
2.2.2 Main characteristics of landfill gas flaring projects 
 
Urban infrastructure projects, which are those that include a municipal authority either 
as project participant or as owner of land or infrastructure, make up 13% of all CDM projects 
registered so far (Clapp et al, 2010). The CDM has been especially successful in the waste-
water treatment and landfill gas sectors.  
As of January 2011, 2,703 projects had been registered under the CDM. Until 2012 these 
projects are expected to reduce ca. 1.9 billion tons of CO2 equivalents and attract CER sale 
revenues of ca. 15.5 billion Euros
43 in CDM credits.  However, for the time being , CDM 
projects have largely underperformed. Cormier & Bellassen (in prep.) estimate that  only 
roughly 30% of expected CER have actually been issued.  
The landfill gas and waste projects have been one group of the early projects to attract 
investment with a rather constant amount of  primary CER (in absolute terms)
44 generated 
over the years (see Figure 18). In relative terms, the projects had a varying importance with a 
relatively high relative share in the early years (2003 -2004), lower shares in 2005-2008 and 
an increasing share in 2009. 
Figure 18 : Primary CER Generated in Different Sectors between 2002 and 2009 
 
Source: World Bank (2010), States and Trends of the carbon markers, p. 40 
                                                 
43 The calculation is based on UNEP RISOE pipeline (Jan. 2011). An average price of 8 Euros per CER is used. 
This is a conservative estimate. CERs that are only sold on secondary market achieve higher prices, but primary 
CER sold through ERPA at an early stage may achieve much less. 
44 Primary CER are those CER that are sold through an Emission Reduction Purchase Agreement from the 
project owner to the CER buyer.   107 
 
An interesting sub-type of landfill gas projects are the landfill gas-flaring projects, 
which have been chosen as a case study for the present analysis. It is, in fact, a good example 
of an urban sector where private companies have taken the lead (61 out of 75 projects [81%] 
of  all  registered  projects  are  owned  by  private  companies)  and  have  put  public-private 
partnerships (in the wide sense) with the local municipalities in place.  
These projects imply the installation of a landfill gas-capture and gas-flaring system as 
well as a monitoring system on the landfill. This allows capturing and flaring the landfill gas. 
The flaring turns the methane contained in the landfill gas into CO2. This reduces the impact 
on the global climate. While CO2 has a global warming potential of 1, methane has a global 
warming potential of 21.  
The landfill gas-flaring sector is special in several respects:  
- high carbon rents were expected to be earned,  
- baseline methodologies exists that are widely replicable for new projects,  
- the  countryprojects‘ distribution among CDM host countries. 
 
As has been reported by investors in interviews, due to the generally high carbon rent 
expected and the cost-effectiveness to reduce greenhouse-gas emissions, initial investment 
were thought to quickly pay off in the landfill gas-flaring sector compared to other sectors.. 
Expected CER are high as well, even though it has to be noted that CER have been largely 
overestimated in the early years of the market (see Figure 8 for an overview of investment 
costs and expected CER in the sector).  
Table 8 :Abatement Costs and expected CER in Landfill Gas Flaring Projects (without 
Electricity Generation) 
Absolute Investment Costs  
(million USD) 
Expected CER (ktCO2e) 
(1
st crediting period) 
Investment Costs/CER 
(USD/CER) 
Average  Range  Average  Range  Average  Range 
3.4  0.3 - 21.4  1402  72- 769883  4.62  0.38-61 
Source: calculations by author based on UNEP RISOE pipeline
45, as of 1
st January 2011 
 
Another particularity of landfill gas-flaring projects is that methodologies exist already 
and can be reused for basically all new projects to be developed. The up-front transaction 
                                                 
45 The carbon revenues to be generated during the first crediting period are calculated by using the average 
primary CER price of the year of registration. For the purpose of the present analysis, the average yearly primary 
CER price is taken from the yearly publication ―States and trends of the carbon markets‖ (World Bank 2004, 
2005, 2006, 2007, 2008, 2009, 2010, 2011). The authors calculate the primary CER price as the overall value of 
CER traded during that year divided by the overall volume of CER traded in the same year. This average price 
can, therefore, be seen as an average of all the different prices paid for different projects in different countries 
and sectors and is a good proxy for the purposes of the present analysis.    108 
costs and risks are, therefore, lower for these projects. As a consequence, there are lower 
market-entry barriers for project developers.  
As far as the geographical distribution of the landfill gas-flaring projects is concerned, 
it can be noted that the share of landfill gas-flaring projects does not correspond to the overall 
share of CDM projects in the respective countries (Figure 19). Argentina, for example, is 
over-represented in the flaring sector compared to its share in the overall CDM pipeline of 
registered  projects.  Twelve  point  seven  percent  (12.7%)  of  all  flaring  projects  have  been 
registered in Argentina, whereas Argentina has registered only 0.73% of all CDM projects. 
China is largely under-represented and even though it hosts nearly 40% of all registered CDM 
projects, it has only one project in the landfill gas-flaring sector.  
Figure 19 : Host Countries of Landfill Gas-Flaring Projects  
Compared to Overall Pipeline 
 
Source: UNEP RISOE pipeline (January 2011) 
Brazil  has  by  far  the  most  projects  in  the  sector,  which  can  be  explained  by  the 
Brazilian National Policy on Waste Management, that became effective in August, 2010.
46  
The stricter regulations on waste management have been anticipated and the CDM has 
been a good opportunity for local governments and private landfill exploiters to update the 
technical standards of the landfills . Even though Brazil is unlikely to include landfill gas 
capture and flaring in its legislation - at least as long as the CDM or similar  international 
project mechanisms exist  -, it can be assumed that CDM project were considered as one 
opportunity by landfill owners to improve the overall quality of the landfill. 
 
                                                 
46 Established by Federal Law No. 12,305/2010, the PNRS provides for guidelines on joint and environmentally 
appropriate management of solid waste, and regulates issues such as joint management, proper allocation and 
disposal, along with shared responsibilities. 
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2.3   Limited Incentives Created by the CDM in Imperfect Markets due to 
Market Failures and Barriers 
 
2.3.1  CDM Specific transaction costs and risks  
 
There is a large consensus in the literature that market barriers and market failures lead 
to a decrease in the efficiency of the incentives created by market mechanisms, such as the 
Clean Development Mechanism (CDM). 
Transaction costs have been defined by Coase (1960, p.1) as ―the cost of carrying out 
market transactions,‖ which is the cost of transferring property rights from one market actor 
another.  Examples  provided  by  Coase  include  costs  related  to  finding  partners,  holding 
negotiations, consulting with lawyers or other experts, monitoring agreements, and so forth or 
opportunity costs, like lost time or resource. In the case of CDM projects, these costs can be 
classified as ―CDM relevant transaction costs‖  
Following  McCann  (2005)  it  is  assumed  here  that  transaction  costs  also  include 
administrative  costs  as  related  to  governmental  regulations.  We  can,  therefore,  include 
administrative costs related to the CDM project cycle (such as costs related to the validation 
and registration project as well as the Project Design Document [PDD] development). These 
administrative transaction costs are here called ―CDM specific transaction costs‖.  
These CDM specific transaction costs are costs incurred during the steps of the CDM 
project cycle as illustrated in Figure 20: obtaining of permits, PDD development, host country 
approval, validation, registration, generation of CER, verification and issuance of CER
47.  
                                                 
47 When analysing policy instruments and regulatory mechanisms, authors (for example, McCann et al., 2005) 
often  include  changes  in  the  legal  system  (which,  in  the  case  of  the  CDM,  would  be  the  ratification  and 
implementation of the Kyoto Protocol), the development of market-enabling institutions (in the case of the CDM 
these are the public costs related to local building capacity and also the costs associated with the implementation 
of local DNA, and so forth). These transaction costs are not taken into account in the present analysis, following 
Krey (2004) who states that for private companies, these costs are considered as sunk costs. One exception is the 
UNFCCC registration fee for CDM projects, which passes political transaction costs on to the private actors. 
This fee is included in the CDM transaction costs, as a unit of analysis in the present study.   110 
Figure 20: The CDM Project Cycle 
 
Source: based on Streck & Lin (2008), CDM Rulebook, 2011a 
 
An important element of the CDM project cycle is the elaboration of the PDD, which 
is  a  key  document  in  the  validation,  registration  of  the  project  as  well  as  the  public 
consultation (CDM rule book, 2011). Table 9 sums up the main transaction costs that arise for 
every single project financed under the CDM and that are due to the completion of the CDM 
project cycle. 
The analysis here is focused on transaction costs that occur on the supply side and 
prevent the market from clearing at a price and a quantity that is socially desirable. It is, in 
fact, these transaction costs that prevent markets from fully internalising the external costs of 
pollution,  and  reducing  transaction  costs  would,  therefore,  help  reduce  greenhouse-gas 
emissions. 
 
Step 1: Project 
development, feasibility 
study, obtaining of permits 
 
Step 2: Writing of Project 
Design Document (PDD), the 
key document involved in the 
validation and registration of 
a CDM project activity and 





Step 3: Host country (and Annex I) 
approval - Host country approval is 
a condition for the validation of the 
project. If the project owner wishes 
to add Annex I project participants 
to the project (e.g. buyers of the 
credit), those entities have to 
present the approval from an 
Annex I country. 
 
Step 4: Validation: An 
independent and accredited 
environmental auditor (a DOE) 
validates the project design 
described in the PDD.  
 
Step 5: 




Step 6: Generation of 
CER: An operating 
CDM project has to 
calculate and monitor 
the emission reductions 
it generates. 
 
Step 7: Verification: At periodic 
intervals the project develop will 
contract an accredited independent 
auditor (a DOE different from the one 
that validated the PDD) to verify the 
emission reductions of the project.  
 
Step 8: Issue of CER: Executive 
Board issues the CER into a 
pending account in the CDM 
registry, from where they are 
distributed to the accounts of the 
project participants.   
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Table 9 : CDM Specific Transaction Costs 
Transaction costs 
components  
Description  Costs (large-
scale, USD) 






costs, costs of a 
new methodology 
 
Development of a baseline, which 
implies either the application of an 
existing methodology to the particular 















Costs incurred in the preparation of 
the PDD; costs of pubic consultation, 
development of feasibility study 
(Project Idea Note-PIN) 
PIN: 5,000 - 
30,000 
PDD: 15,000 - 
100,000 
PIN: 2,000 - 7,500 





Validation costs   Review and revision of project design 
document by operational entity 




Review costs  Costs of reviewing a validation 
document 
variable  variable  DOE fee 




0 - 24,500  EB fee 
Monitoring costs  Costs to collect data to measure CO2 
reduction during operation phase 
Not known  Not known  Part of 
operational 
costs 
Verification costs  Costs to hire an operational entity and 




5,000 - 30,000 
On-going 
verification: 




verification: 5,000 - 
10,000 
DOE fee 
Review costs  Costs of reviewing a verification  variable  variable  DOE fee 
Source: CD4CDM (2007), Michaelowa et. al. (2003) 
 
As Dudek & Wiener (1996) point out, transaction costs affect the volume of market 
activity associated with any market-like mechanisms, such as the carbon price. As transaction 
costs rise, the wedge between purchasers' cost and seller's gain widens, and the equilibrium 
quantity of market activity declines. This is shown in the following graphic. In the absence of 
transaction costs, the equilibrium of supply and demand occurs at the quantity Q0. It can be 
seen that adding transaction costs to the supply curb reduces the overall quantity of the CER 
generated and sold on the primary CER market, which is not necessarily Pareto optimal and 
leads to less GHG abatement than in a situation of Q0.   112 
Figure 21: The Market for CER and Effects of Transaction Costs 
 
Source: based on Dudek & Wiener (1996) and Eckermann et. al. (2003) 
 
To put it differently, transaction costs lead to a price increase of CER. In a perfect 
world  without transaction costs, the CER  price  would equal  marginal abatement  costs of 
greenhouse-gas mitigation projects (Michaelowa et al., 2003; Michaelowa. & Jotzo, 2005). 
 
CDM specific project risks 
Conceptually related to the CDM specific transaction costs, significant CDM specific 
project risks also arise during the planning, construction and operation phases.  
Figure 22 : Project Risk Over Time 
 
Source: CD4CDM (2007), modified by author 
 
Ellis & Kamel (2007) point out that it is especially this combination of high CDM 
specific  transaction  costs  incurred  up  front  and  CDM  revenue  only  generated  once  the 
Registration 
risk   113 
project‘s methodology has been approved, along with the project being registered and the 
credits issued, that lead to a high-risk perception by investors. 
In particular, CDM-specific risks are due to cost overruns and under-performance in 
terms of CER generation, that is, in both cases, risks related to problems incurred or delays to 
be endured in the curse of the completion of the CDM project cycle. There is a risk of delay 
of validation, registration and verification as well as the risk that all projects at validation will 
not be registered. Further, there is a risk of under- or over-performance, thus causing and thus 
variable credit revenue to be significant. It has been estimated that only roughly 30% of all 
expected carbon credits have been issued (UNEP RISOE pipeline as of March 2011, Castro & 
Michaelowa, 2008; Mayr & Michaelowa, 2008; Cormier & Bellassen, forthcoming). 
Table 10 : Project Risks in Landfill Gas-Flaring Projects 
Type of risks  Examples 
Technology risks  Risks related to failures and possible under-performance of innovative technologies 
that allow methane capture of landfills. 
Market risks  Risks related to the amount, type and composition of waste coming in and being 
treated. Especially in developing countries, projects have underperformed because 
CER estimates were overoptimistic as methane generation models from developed 
countries were used. 
Regulatory risks  Uncertainties regarding Post-Kyoto CDM; quality/quantity control on offset credits, 
volatility of CO2 price. 
Political risks  Departure of one key participant; electoral cycles for the mayor of the municipality 
and changing priorities regarding waste treatment; permit/licence approval. 
Operational risks/ 
performance risks 
These risks are associated with the fact that less carbon revenues are created due to 
problems that can occur on the landfill during the operational period. Experience 
has shown that the construction and operation of landfill gas flaring systems on 




The registration risk consists in the risk that the project does not pass the 
registration stage and can, hence, not generate carbon credits under the CDM. 
Delays and additional costs due to review of project material (in particular the 
PDD) are also a risk factors for project owners. 
In the landfill gas-flaring sector, the registration risk is very low (all of the validated 
projects had been registered). Only one single project was withdrawn and no project 
had been rejected, which means that the failure rate is only 1% and that most 
projects actually get through the heavy CDM regulatory machinery. This rate can be 
compared to an overall withdrawal rate of 3% in the overall pipeline.  
Verification and 
certification risk 
Verification and certification risks are the risks that the project is either delayed in 
issuance of CERs or does not generate CER at all. Monitoring procedures are a risk 
factor in this context in the landfill gas-flaring sector. The collection of the required 
data is tedious and costly. Verification is often delayed due to a work overload for 
the  accredited  verifiers.  Furthermore,  rules  that  are  applied  rigorously  and  are 
sometimes hard to interpret may change over time. In the landfill gas-flaring sector, 
as only 38% of the expected CER have been issued as of 1
st January 2011, this is a 
serious risk to project owners. 
Source: based on CD4CDM (2007), Clapp et al. (2010); UNEP RISOE pipeline as of January 
2011, Bondois (2011), Hwang (2011)   114 
These risks  have to  be added to  conventional project  risks  that project  developers 
would face in a conventional project of the same type not financed under the CDM. These 
risks are country risks, macroeconomic risks (currency risks, the risk of economic crises, and 
so forth) and political risks (risk of expropriation, and so forth). These risks are especially 
important for projects implemented in developing countries (CD4CDM, 2007, see Figure 22).  
Table 10 provides examples from the waste sector for the different risk categories 
identified above.  
 
2.3.2   Possible unaligned incentives between different actors  
Another important type of market failures often taken into account in the analysis of 
the efficiency of climate policy is the information asymmetries and split incentives between 
the different market actors (IEA, 2007a), which can lead to less effort to reduce emissions as 
well as additional costs. 
If  tasks  are  delegated  and  infrastructure  is  unbundled,  partnership  risks  arise.  An 
important dimension of these partnership risks has its roots in the asymmetry of information 
between  the  partners  (de  Palma,  et  al.,  2009).  This  concept  is  based  on  the  theory  of 
incentives and principal-agent (Laffont & Tirole, 1993).  
The key assumptions underlying a principal-agent framework are: 
-  Information  asymmetries  between  the  parties:  the  agent  (for  example,  the  private 
landfill operator) has more information on his action  
-  The agent pursues his own interest, which may run contrary to those of the principal 
(for example, the CDM project owner) (de Palma et al., 2009). 
Generally, the literature distinguishes two types of information asymmetries related to 
the behaviour of the contract partners: hidden characteristics that lead to selection problems 
and  hidden  action  that  leads  to  moral  hazard  problems.  Selection  problems  were  first 
described by Akerlof (1970). Information problems lead to market failure before the contract 
is completed. Information asymmetries can also arise after contract completion.   
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Figure 23: Possible Information Asymmetries and Principal-Agent Relationships  
between the Different Partners in a Landfill Gas-Flaring Project 
 
Source: author, based on PDD and interviews 
 
Figure 23 pictures the principal-agent relationship in landfill gas-flaring projects. The 
principal is the partner that pays the agent for his services. The project entity as a whole is an 
agent that is paid by the international carbon markets for reducing greenhouse-gas emissions. 
An interesting principal-agent relationship can also be identified within the project entity. If 
the municipality decides to contract out the development to a private operator, he is then the 
principal of this private operator (the agent) and is paid for fulfilling his duty in his principal‘s 
interest. The landfill operator is the agent of the CDM project developer. He will receive parts 
of the carbon revenues and will, in turn, contribute to the operational success of the CDM 
project. If the CDM project developer decides to outsource the technology provision and/or 
the PDD development and CER selling, new principal-agent relationships are created. The 
project developer (the principal) will pay the external service providers for their services and 
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3   DESIGNING PUBLIC-PRIVATE PARTNERSHIPS UNDER 
THE CDM  
 
3.1 Public-Private Partnerships in CDM Projects in the Landfill Gas-Flaring 
Sector 
 
Traditional landfill- and waste-management projects are often financed and developed 
by public-private partnerships.  This  means  that the municipality, which is  traditionally in 
charge  of  local  waste  management,  cooperates  with  private  investors  and  operators.  In 
developing countries, the concession or management contracts that lay down the operational 
standards  for  the  landfill  usually  contain  minimal  requirements  regarding  the  landfill-gas 
treatment. Typically, the municipality asks the contractor to install passive wells that allow 
the venting of the landfill gas from inside the waste mass to the top of the vent. This gas is, 
however, not captured or flared and greenhouse emissions are not effectively reduced. In this 
situation, the CDM provides landfill  owners a  financial incentive to  capture this  gas  and 
generate carbon revenues. Landfill gas that has been regarded as a nuisance is turned into a 
financial asset
48.  
If a municipality or private landfill owner decides to develop a CDM project, a public 
tender is published by the municipality
49. A new concession or management contract will be 
either awarded to the concessionaire already operating the landfill or to a company that is 
specialised in the development of landfill gas-flaring projects under the CDM. The contracts 
tendered by the local waste-management authority for the landfill operation and the contract 
tendered for the CDM development are usually completely independent from one another . 
The projects have separate cash flows and different lengths (PDDs of registered landfill gas -
flaring projects
50, Vidaillet, 2011; Bondois, 2011). 
                                                 
48 The revenues due to the selling of generated CERs are the only financing source for this CDM project, which 
de facto proves the additionality of all these projects. 
49 In only very rare cases, the landfill is owned by a private party who develops a CDM project without the 
involvement of a municipality. It has been stated in interviews that it is unlikely that a municipality would not 
take a stake in the development of th e CDM project, even if it is developed by its private contractor already 
exploiting the landfill. As the CDM allows turning the landfill gas into a resource, this resource usually has to be 
shared in one way or another with the municipality. The most commo n way is to pay a royalty fee  to the 
municipality of around 5% of the issued CERs (this is information provided in PDDs). 
50 Available on the UNFCCC website: http://cdm.unfccc.int/Projects/projsearch.html   117 
Figure 24: Contractual Structures in Landfill Gas-Flaring Projects Financed under the 
CDM 
 
  Source: author 
 
 
Additionally,  the  concessionaire  may  sign  an  Emission  Reduction  Purchase 
Agreement (ERPA)
 51 with an external carbon-credit buyer or may sell the generated credits 
himself  on  the  secondary  carbon  markets.  If  two  separate  companies  are  granted  the 
concessions to manage the landfill and develop the CDM project, a gas-purchase agreement 
may be set up, and which lays down the modalities to use the landfill gas produced, or the 
carbon revenues may be shared between the two concessionaires and with the landfill owner 
(in proportions that differ from contract to contract). In some cases (rarely, see Box 7) the 
landfill owner may decide to invest in the CDM project and delegate its operation of the CDM 
project  to  a private operator. This is  usually done under a contract referred to  here as a 
―management contract‖ (Figure 24). 
The question arises as to what the economically and environmentally most efficient 
way is to organise the cooperation between the landfill owner, the landfill operator and the 
CDM  project  developer.  In  the  following  sections,  we  analyse  whether  the  landfill 
management and the flaring-system operation should be unbundled.  
Subsequently, whether the CDM project investor should also operate the CDM project 
or delegate the tasks to a private operator is then investigated.   
 
                                                 
51  ERPA  designates  the  contract  between  the  carbon  buyer  and  the  seller.  The  purpose  is  to  identify  the 
responsibilities and rights of the two parties and to manage the risks between them.   118 
Box 7: Examples of Contractual Structures from the Landfill Gas-Flaring Sector 
Three contract types can be differentiated in the landfill gas-flaring sector: CDM concessions, 
integrated  concessions  and  management  contracts  (classification  developed  by  author  and 
defined in following table).  
  Classification of different contracts used in the landfill gas-flaring sector 
 
Source: based on PDDs, UNPEP RISOE pipeline 
Companies like Véolia, ESTRE and others usually answer to public tenders or sites 
that they already operate. Their core business is waste management and not the development 
of CDM projects. Bionersis is an example for an international company that is specialised in 
the development of landfill gas-flaring and power-generation CDM projects. They are not 
involved in the exploitation of the landfill itself. V￩olia does ―in-house‖ consulting, but the 
CDM  is  not  its  core  business,  which  is  waste  management  in  general  (Vidaillet,  2011; 
Bondois, 2011). Management contracts are used only by municipalities. All projects that use 
this contract type have been developed with the help of the World Bank, which acted as the 
PDD consultant. 
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3.2  (Un)bundling of Landfill-Management and Flaring-System Operation 
 
Analysing whether the landfill-management and the flaring-system operation should 
be  bundled  or  unbundled  (delegated  to  a  private-consortium  of  builder  and  operator  or 
delegated to separate builder and operator) comes down to a comparison of a situation in 
which  the  abatement  activity  is  outsourced  (a  specialised  CDM  developer  is  granted  a 
concession) and a situation in which one concessionaire operates the landfill and the CDM 
project. A distinction between polluter and abater is made in a situation in which the landfill 
operation and the CDM project development are unbundled. In the second case, the polluter 
(the operator of the landfill) and the abater (the operator of the flaring system) are a single 
company. In this case, the abatement is carried out ―in-house‖ (see Figure 24). 
The outsourcing of abatement services is a rather recent phenomenon and has been 
analysed, for example by Nimubona & Sinclair-Desgagné (2010) from a theoretical point of 
view.  They  analyse  in  particular  the  role  of  the  eco-business,  a  business  specialised  in 
providing and operating pollution-abatement technology.  
Table 11 : Pros and Cons of Outsourcing Emission Abatement 
Pros  Cons 
Polluter (landfill operator) and abater (flaring-system 
operator) focus on their core competencies – increase 
efficiency through specialisation. 
Lack of organizational learning by the polluter. 
New technology supplied by abater (efficient in the 
beginning). 
Turnover in supplier staff can create problems with 
regards to meeting requirements and inefficiencies. 
Reduces the need for high-level specialists in-house.  Places risk on the company if the abater generates less 
CER by making poor decisions on its own. 
Reduces overhead and extra costs associated with 
having in- house staff trained and conducting the 
work 
Implementation of new ideas and programs tends to 
take longer. Innovation is not as strong. 
Can reduce transaction costs associated with the 
CDM regulatory mechanism as standard 
methodology can be used and learning effects with 
the CDM can be realised. 
Large staff with lots of specialists who tend to focus 
more on day-to-day issues (development of PDD for 
example) instead of long-term operation of the project. 
Can reduce risks associated with CDM by 
implementing partnership structures and by getting to 
know the key players 
No internalisation of externalities regarding possible 
benefits of improved landfill operation (more recycling 
or composting) on emission-reduction potential. 
Source: based on Stephan (1998) and Blocki (2002) and applied by author to landfill gas-
flaring projects 
 
There is only little empirical analysis and the authors mainly use anecdotal evidence. 
Stephan  (1998)  and  Blocki  (2002),  however,  provide  a  more-practical  analysis  of  the 
environmental industry in the United States, based on case studies of sectors that fall under 
the  United  States  Environmental  Protection  Agency  (EPA)  regulations.  They  identify 
advantages and disadvantages of outsourcing the industrial abatement activity.   120 
Based on the analyses (two different authors) by Stephan (1998) and Blocki (2002) of 
industrial pollution-abatement in the United States, the costs and benefits of the outsourcing 
of pollution abatement are identified and summarised in Table 11.  
The advantages of outsourcing are that the landfill operator and CDM developer focus 
on their core competencies, which increases economic and environmental efficiency though 
specialisation. Transaction costs can be reduced in the beginning as the specialised CDM 
developer has already acquired the necessary technological and administrative expertise to 
manage CDM projects. Technological and operational risks may be better managed as the 
specialised actor knows the key challenges already.  
The  disadvantages  of  outsourcing  are  that  the  landfill  operator  will  not  learn  to 
develop flaring systems himself and will not innovate. Although technology is transferred to 
developing countries where projects are developed, no capacity building takes place. Also, the 
landfill gas-flaring project is not directly embedded in the overall landfill management and 
externalities created by the landfill management on the flaring projects (such as operational 
problems caused due to daily operations on the landfill) are not internalised. 
Box 8 : Externalities Created by the Landfill Management for CDM Project 
It  became  apparent  in  interviews  with  CDM  developers  in  the  landfill  gas-flaring 
sector (Vidiallet, 2011; Bondois, 2011) that an adequate construction of the landfill as well as 
good management has an impact on landfill-gas production and the success of the capture 
system. Negative externalities can be created by the operating process of the landfill if the site 
is badly managed and the capture system is not well looked after during daily operation. 
Cooperation is necessary between the two landfill operating teams. 
Hwang  (2011a)  reported  significant  problems  that  occurred  during  the  operational 
period of the CDM project. The landfill operator did not cooperate adequately with the CDM 
project team on the ground. Due to blocked access roads the waste was left lying around and 
prevented the construction of designed cells that are necessary to capture the landfill gas (for 
more information on this case, see Chapter IV).  
 
The following figure depicts the principal-agent problems that arise in the case of a 
separation between the landfill-management and the CDM-project development. The landfill 
management creates externalities for the CDM project (for examples see Box 8).  
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In this case, the CDM project developer would be considered the principal who remunerates 
the landfill manager, who is - therefore - the agent. For the creation of the landfill gas, the 
landfill operator is remunerated by a share of CER. However, partnership risks may exist due 
to the possibility that the landfill operator does not act in the best interest of the project out of 
his own self-interest. This may be likely in a situation in which operational costs necessary to 
avoid these externalities are too high for the landfill operator and cannot be covered by the 
share  of  CER  he  receives.  The  problem  relies  on  information  asymmetries  between  the 
partners:  the principal – the CDM project developer – may not have the same information on 
the problems that occur during the operational period. Furthermore, there is a risk of a hold-
up as the outsourcing partner may use his informational advantage to lower his efforts and 
operational costs by reducing the quality of the landfill management at the same time.   122 
The integration of the abatement activity could reduce the moral hazard and conflicts- 
of-interest  problems  that  arise  in  this  principal-agent  model  and,  therefore,  potential 
partnership risks for the developer of the CDM project. This also allows for institutional and 
technological learning by the local landfill managers.  
 
3.3   (Un)bundling of Building and Operation of the CDM Project 
 
In this section, whether the investment, building and operation of the CDM project 
should be bundled or unbundled will be analysed from a theoretical point of view, based on 
the literature dealing with risks and benefits related to the ―bundling and unbundling‖ of 
operation.  The theory of the choice of governance structures by firms was developed by 
Coase (1935) Williamson (1981; 1985; 1996) as well as by Hart & Moore (1990) and Hart 
(1995).  
This trade-off between vertical integration and the use of the market has been named 
the  ―make-or-buy‖  decision.  The  concept  has  been  largely  studied  in  literature  and  been 
applied to different markets
52. It has also been applied to environmental issues (for exampl e, 
Bougherara et al., 2009) and the construction of infrastructure in public -private partnerships. 
Authors  like  Hart  (2003),  Bennet  &  Iossa  (2004)  analyse  principal -agent  structures  of 
traditional public-private partnerships (that is, not financed by the C DM)
53. The different 
authors try to determine the additional costs and benefits that can arise if only the operation of 
the infrastructure is delegated to a private operator compared to a situation in which the 
private sector is contracted to build and operate the infrastructure. The general conclusions by 
these authors are used to analyse whether the investment into the CDM project and the 
operation should be bundled or unbundled. 
Emphasis is put on the incentives set for CO2-emission reductions in different contract 
structures. A comparative analysis between a management and a concession contract (CDM 
or integrated CDM, see Box 7) is carried out. 
It is assumed that not only the landfill operator‘s effort – but also the technology used 
– determines the amount of CER to be generated for a certain cost. 
Table 12 presents the different situations categorised according to the distribution of 
CER and which partner (either the investor, that is, the principal; or the operator, that is, the 
                                                 
52 For an overview, see Klein (2005). 
53 The authors have developed their models against the background of the Private Participation in Infrastructure 
(PPI) in the UK that involves the contracting out of the design, building, finance, and operation of the project to 
a consortium of private firms for a long period of time (usually 25-30 years; Bennet & Iossa, 2004).    123 
agent) is in charge of choosing the low-carbon technology that allows for greenhouse-gas 
emission reductions
54.  
Four cases will be analysed (see Box 1). Cases 2 and 4 are contractual structures that 
are commonly chosen in management contracts, whereas Case 1 refers, rather, to a concession 
contract (integrated or CDM concession).  
Case 3 represents a contractual structure in which the operator chooses the technology 
and operates it, but does not directly receive the CERs. This type of contract is very rare, and 
is, therefore, not discussed in detail.   
Table 12: Principal-Agent Problems in Low-Emission Urban-Infrastructure Projects 
Financed under CDM 
   Agent  (operator)  can  choose  the 
technology 
Agent  (operator)  cannot  choose  the 
technology 
Agent  (operator) 
receives CER 
Case  1:  No  Principal-Agent 
Problem. 
Case 2: Efficiency Problem: Operator receives 
CER; Investor chooses technology. 
Agent  (operator)  does 
not receive CER 
Case  3:  Usage  and  Efficiency 
Problem:  Operator  chooses 
technology  and  does  not  receive 
CER. 
Case  4:  Usage  Problem:  operator  receives 
fixed-management  fee  and  cannot  choose  the 
technology. 
Source: based on IEA (2007) and adapted to CDM projects 
 
In  Case  1,  it  is  assumed  that  the  design,  building,  financing,  and  operation  of 
infrastructure are bundled and carried out by a private concessionaire. The ERPA stipulates 
that the CERs are sold by the concessionaire who is, hence, remunerated by the financial 
return of the project (based on carbon and operational revenues).  
In Case 2, the building and operation of a methane-capture system are contracted out 
separately.  The  operation  is  contracted  out  under  a  management  contract.  The  ERPA 
stipulates that the CER are sold by the municipality and that the operator is remunerated by a 
fee depending on the actual emission reductions achieved by the project.  
These contractual arrangements are illustrated in Figure 26.  
It is assumed for the case of a management contract (Case 2) that the building of the 
CDM project and its operation is contracted out separately. The operator is remunerated by 
the municipality. The revenues are proportionate to the carbon revenues effectively generated; 
this  is  in  order  to  increase  the  operator‘s  incentive  to  generate  CERs.  The  builder  is 
remunerated by a flat fee once the landfill gas-flaring system is built. The fact that he does not 
benefit from the carbon revenues can create risks. In fact, Dewatripont & Legros (2005) point 
out that the costs and the quality of the service produced (here, the treatment of waste with 
reduced greenhouse-gas emissions) depend on the financing, building and operation of the 
                                                 
54 The set of assumptions used for the following analysis is presented in the Annex.   124 
infrastructure used for delivering the services. According to the authors, there are clear links 
between  financing,  building  and  operating  the  infrastructure  as  building  determines  the 
quality of the infrastructure, which – in turn – influences positively or negatively the cost of 
operating and maintaining. Building in the present case comprises the covering of the landfill, 
the landfill gas-capture system and the installation of the physical-monitoring system. 





Source: author  
 
This can be applied to the analysed situation. In fact, the municipality will contract 
with the most cost-efficient builder of a given technology option in order to pay the lowest 
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operating costs in its cost-benefit calculations
55 as he is not remunerated (the same way the 
operator is by the carbon revenue) for th e creation of these externalities. The operator, 
therefore, faces internal contract risks when entering into an operating agreement as he cannot 
always observe whether the best possible building option (from his point of view the one that 
minimises the operating costs of CO2 reduction) in terms of material and so forth is chosen by 
the contracted builder. Dewatripont & Legros (2005) find that if the builder is not incentivised 
to internalise possible externalities that will occur during the operating phase, inefficiencies 
may arise. The builder has an incentive to internalise externalities if he also has the right to 
operate and maintain the infrastructure. For the present case of analysis, this would mean 
analogously that the builder would be incentivised to build the best technology and monitor 
system that would allow him to generate the maximum of CERs if he were to receive CERs. 
Box 9: Hart’s Theoretical Model (2003) 
Hart (2003) developed an interesting model to identify the situations when unbundling 
or bundling should be preferred. His model deals with the choice between investment that not 
only lowers operating costs but also leads to an increase in the social quality of the services 
and another choice that cuts operating costs at the expense of service quality.  
Unbundling should be preferred if the quality of the construction can be specified in 
contracts, while the quality of the project output cannot be specified. Bundling, on the other 
hand, achieves better results in a situation in which the quality of the construction cannot be 
specified but the quality of the project output can. In this situation the builder (who is at the 
same time the operator) has higher incentives to carry out the quality-improving investment. 
This model can be transferred to the case under analysis, landfill gas flaring projects, where, 
the  operational  output  is  clearly  defined  by  the  expected  CER.  However,  building  is  not 
defined and should therefore, if this model holds true, be bundled.  
 
Consequently,  the  builder  and  the  operator  have  conflicting  preferences  for  these 
investments and do not chose an overall investment (with the operating costs depending on 
the technology chosen) that maximises the efficiency in terms of CO2 reduction (expressed by 
the coefficient: tons of CO2 reduced/ overall investment costs). There is a risk of inefficiency 
and unexpected costs for the public sponsor and the private operator. 
In case of the concession contract (Case 1), the construction and operation of the 
infrastructure are bundled and the externalities related to the operation and the gaining of CO2 
emission reduction credits are internalised. The positive externalities created during operation 
                                                 
55 To simplify, it is assumed that the more sophisticated a technology, the lower the operational costs/unit of 
reduced CO2.   126 
are considered during the building stage, which can lead to lower overall costs. No principal- 
agent problems exist. 
 
If Case 4 (the case of the pure management contract in the sense that the operator is 
remunerated by a fixed management fee and that his remuneration is, hence, not based on his 
performance in terms of CER generation) is adopted, the principal (public sponsor) faces even 
higher  moral-hazard  risks.  The  operator  overseeing  the  operating  process  and,  hence,  the 
generation  of  CER  does  not  assume  any  risks  in  terms  of  CER  generation  as  he  is 
remunerated independently of the performance of the projects. Thus, He has no incentive to 
exert  effort  in  terms  of  CER  generation  and  to  reduce  his  operational  costs  as  much  as 
possible as long as the principal cannot observe his reduced efforts. This situation refers to 
what IEA (2007) calls a ―usage problem.‖ 




4   THE MAKE-OR-BUY DECISION ALONG THE CDM VALUE 
CHAIN 
 
In this section the economic costs and benefits of the integration and outsourcing of 
CDM activities are analysed. The aim is to identify the most-efficient governance structures 
for the development of local infrastructure projects that internalise greenhouse-gas emissions.   127 
The analysis is based on the transaction cost theory that was developed by Coase (1935) 
Williamson (1981; 1985; 1996), as well as by Hart & Moore (1990) and Hart (1995). 
As Klein (2005) states, ―transaction cost economics may be considered the study of 
alternative institutions of governance‖ (p. 437). This decision is referred to as the ―make-or-
buy‖ decision. The concept has been largely studied in literature and been applied to different 
markets
56. It has also been applied to environmental  issues (for example, Bougherara et al., 
2009). Here, this theory is applied to the decision to outsource or integrate elements of the 
CDM chain. 
 
4.1   CDM Value Chain and Specialised Service Providers 
 
The private company that has been granted a concession to develop a CDM project on 
a landfill may decide to create additional partnerships with private service providers. He does 
this in order to benefit from the partner‘s technological and operational know-how as well as 
their expertise regarding the completion of the CDM project cycle. The elements of the CDM 
value  chain  (see  Figure  28)  that  are  most  commonly  contracted  out  are 
engineering/construction/technology  as  well  as  the  CDM  registration  (that  is,  drafting  the 
PDD and so forth).  Also, the selling of the CER on the international carbon market is very 
often delegated to a specialised actor or broker.  
    Figure 28 : CDM Value Chain  
     
    Source: CDM literature 
 
Along with the maturation of the CDM market, specialised actors have emerged that 
offer to carry out either certain elements or integrated parts of the value chain of the CDM 
registration. The most-important external partners to be considered for the present analysis are 





                                                 
56 For an overview, see Klein (2005). 
57 The independent verifiers and validators whom the project developer contracts (the so -called Designated 
Operational Entities [DOEs]) are also important partners. However, as the verification a nd validation have to be 
contracted out in any case and is not subject to the choice of the project developer, they are not included in the 
following analysis.   128 
External consultants 
External consultants advise and assist the client in the registration process of the CDM 
project, which includes as its main task the drafting of the PDD and may even be delegated 
with  formally  presenting  the  project  to  the  CDM  Executive  Board.  A  company  from  a 
developed country wanting to sell its technology by setting up a CDM project may use a 
consultant  to  do  the  entire  CDM  registration,  including  the  PDD  development  and  the 
presentation of the project to the Executive Board (Bancal et al. 2010).  
 
Like the registration of the CDM project with the Executive Board, the selling of 
CERs generated by a project on the international carbon markets requires some expertise and 
may be contracted. This is why project developers often do not directly sell their carbon 
credits  on  the  market  but  sign  Emission  Reduction  Purchase  Agreements  (ERPAs)  with 
specialized institutions that allow them 
-  to be sure to have buyers for the credits once they are issued, 
-  in certain cases to close future contracts at fixed prices and to eliminate the risk of 
price fluctuations, 




The technology implemented in landfills in order to develop a CDM project includes 
the landfill gas-capture system, the flaring system and the monitoring technology. The latter is 
important  as  it  allows  measuring  the  tons  of  CO2  equivalent  reduced  by  the  project,  a 
necessary step in order to claim carbon credits for the project. From most PDDs that have 
been revised, it becomes obvious that technology provision is often outsourced because of a 
lack of local know-how. Only international companies are able to integrate the technology 
provision. 
The tasks of these rather generic groups of actors are, in reality, performed by a variety 
of different service providers. These service providers perform either one task or combine the 
two.  Schneider  et  al.  (2010)  provide  a  detailed  overview  of  the  actors  that  specialise  in 
providing CDM services. 
 
                                                 
58 Up-front payments are very rare.  One exception is Bionersis. The interviews with project developers and 
investors have shown that very rarely does the carbon credit buyer take on project risks. He usually takes on only 
price risks. As it is stated in the World Bank‘s ―State and Trends of the Carbon Markets‖ (2009), the vast 
majority of deals in the whole CDM is contracted at fixed prices.    129 
Table 13 : Clustering of Specialised Companies Active in the Landfill Gas-Flaring 
Sector 





Small firms specialised only in 
CDM and large consultancies 
with very prominent CDM 
consulting know-how 
Focus on carbon 
services, for example, 
baseline development, 







DOEs  Firms mainly active in 
technological risk management 










Sellers  Firms from developing 
countries active in emission-
intensive industries (steel, 
power, and so forth). Smaller 
firms with carbon know-how 
that emphasise their sale 
activities 
Sale of (mostly 
primary) CER of 
projects implemented 
in their own installation 











Emission-intensive firms under 
the European Emission 
Trading Scheme and voluntary 
regimes 








Annex 1 national procurement 
programmes 
Purchase with a focus 




Mostly SMEs with CDM and 
technology (own or through 
partnership) know-how 
Know-how in carbon 












Mostly SMEs with traditional 
focus on technical and 
financial development of 
clean-tech projects 
Providing technology 












Large international banks  Trading by purchasing 
primary or secondary 










development banks or 
specialised carbon-finance 
institutions, Carbon-asset 
development firms or carbon 
funds 
Purchase for funded 
management focus, 
Own project sourcing 
and development or 






Small companies that also 
provide CDM consulting 
services 
Purchase for voluntary 
market retail 
Tracerco 
Large multinationals with caps 
under EU ETS and strong prior 
trading activities 
Purchase and sales of 
primary and secondary 




Source: based on Schneider (2010), actors from landfill gas-flaring sector added by author 
 
Their analysis is based on a large cluster analysis combined with results from face-to-
face interviews with different market actors. The main group of actors on the CDM market   130 
that they identify are CDM specialists (such as small firms specialised only in CDM and large 
consultancies  with  very  prominent  CDM  consulting  know-how),  DOEs  (which  are 
independent project verifiers and validators), specialised companies that offer CDM services 
(including PDD development and management of carbon credits) combined with providing 
the  technology  or  those  that  provide  the  technology  and  offer  financial  intermediation. 
Finally, there are integrated firms and traders that are implicated in the project development 
and the CDM administrative process and buy CERs to trade them on the secondary market. 
The buyers (such as carbon funds and companies from developed countries that buy CERs for 
compliance  reasons  in  regional-  or  local-emission  trading  schemes)  and  sellers  of  CERs 
(mainly firms from developing countries that are active in emission intensive industries and 
generate CERs to sell them on the international market) are also important actors on the 
market.  
Table  13  uses  the  clustering  proposed  by  Schneider  et  al.  (2010).  Examples  of  the  most 
important actors from landfill gas-flaring sector are additionally provided for all clusters. The 
element of the value chain that they offer to carry out for the project owner is also presented. 
4.2   Vertical versus Horizontal Integration of Environmental Expertise 
 
In the development of CDM projects, the project owner can realise economic benefits 
through horizontal and vertical integration. 
 Horizontal integration refers to the scaling up of business opportunities at the same 
level  of  the  value  chain.  In  the  case  of  CDM,  this  means  that  consultants,  technology 
providers and CER sellers can horizontally integrate their services by offering them to a large 
number of projects. In both cases, economies of scales can be realised. The investments in 
capacity building regarding the development of CDM projects can be amortised over large 
project portfolios. Thus, the costs per unit can be reduced. Risks associated with the PDD 
development, the selling of the CER and technology can be diversified over larger portfolios. 
Due to the technical specialization of service providers, risks can also be better managed in 
the first place (see Figure 29 for details).  
It can be economically beneficial for the CDM project developer to buy services from 
specialised service providers. These consultants, technology providers and carbon brokers can 
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Possible tasks to be 
performed by partner 
Possible reduction of CDM-
specific transaction costs 
Possible reduction of CDM- 




- Selling of technology 
- Construction on site 
- Training of local 
operators 
N/A  - Possible reduction of 
technological risks because of 
experience and technical 
know- how of the technology 
providers. 
Consultants  - Consulting services 
regarding CDM 
registration and 
preparation of the 
monitoring plan  
- Official developer of 
CDM projects 
- Commercialisation of 
CERs 
- Possible reduction of CDM 
specific transaction costs as 
consultant has the expertise to 
develop PDD and to present 
the project to the executive 
board, and so forth  
- Possible reduction of risks of 
having to perform costly 
reviews at registration due to 
the expertise and experience 
of the consultant. 
Carbon-credit 
buyers 
- Buy the carbon credits 
from the project owner at 
a fixed or flexible price to 
sell them on the carbon 
markets 
- Transaction costs can be 
reduced through specialization 
of carbon-credit buyers as 
regards the functioning of the 
international carbon markets. 
- Carbon credit buyers take on 
price risks and – in very rare 
cases – CER delivery risks as 
well. 
Source: Bancal et al. (2010), author based on interview with project developers 
 
At the same time, large integrated companies (such as Veolia, Suez and so forth) can 
also horizontally integrate by developing a portfolio of projects and reduce transaction costs 
and risks by investing in ―in-house‖ expertise regarding the technology, the CDM project 
cycle and the carbon-credit selling. The benefits of horizontal integration can, therefore, also 
be realised in the integrated model (Figure 30).  
 
Figure 30 : Choice between Outsourcing and Market Integration- Relationship between 
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While horizontal integration of elements of the value chain increases the economic 
efficiency of a CDM project, the decision to vertically integrate or to outsource elements of 
the CDM value chain is more complex. 
In the following section, an in-depth analysis of this question based on transaction cost 
theory is made. 
4.3   The  Make-or-Buy  Decision:  Looking  for  a  Governance  Structure  for 
CDM Projects  
 
Coase  (1937),  the  forerunner  of  the  transaction  cost  theory,  observed  that  the 
production of final products involved a succession of production activities that could be fully 
or partly integrated by an individual firm. Coase was the first to formulate that ―the boundary 
of  the  firm  was  a  decision  variable  for  which  an  economic  assessment  was  needed‖ 
(Williamson, 1981). Because of high transaction costs a firm may decide to integrate elements 
of the value chain by producing them internally instead of buying intermediate products on 
the market (that have been produced by specialised market actors). Transaction costs can 
actually render the market inefficient and lead to the development of large integrated firms 
providing all the elements of the value chain in a production process.  
Williamson (1996) differentiates between markets, hybrid and hierarchy. The market 
is the theoretical benchmark, or neoclassical textbook ideal. Hybrid modes are contractual 
arrangements between independent long-term partners, whereas ―hierarchy‖ or ―integrated 
firm‖ refers to an organisation of unified ownership and centralised control rights. 
Markets,  hierarchies  and  hybrid  modes  are  alternatives  for  completing  the  same 
transactions. In order to compare these governance structures, Williamson (1996) classifies 
them  according  to  five  criteria:  incentive  intensity,  administrative  controls,  autonomous 
performance adaptation, co-operative adaptation and contract law. Markets generally perform 
better than hierarchical institutions regarding the incentives for exploiting profit opportunities. 
Hierarchies provide managers with weaker incentives for profit maximisation. 
Also market participants react more quickly to changing circumstances as information 
is revealed through prices. Even though there are no administrative costs, markets imply often 
heavy contract laws in order to manage the transactions between the partners.   
Table  14  classifies  the  relative  performance  of  the  different  governance  structures 
regarding these criteria. 
Williamson (1981; 1985; 1996) especially emphasised the notion of asset specificity to 
show the advantages of integrated governance structures. The more specific the asset, the 
more likely it is for vertical integration to be optimal. In the case of a specific investment the   133 
investor is subject to the risk of ―hold-up‖ by his contractual partners. The investor would – 
therefore – prefer to internalise the production process. 
 
Table 14 : Alternative Governance Structures for Organisation of the CDM Value 
Chain 









++  +  0  An outsourcing partner has more 
incentives to perform well than 
an employee of a large integrated 
company. According to 
economic theory, competition on 
the markets provides the best 
performance incentives. 
Project Design Document (PDD) 
development  
Due to the high competition between 
the consultants on the market, they 
have an incentive to perform well. The 
incentives are sharper than in the case 
of an integrated company.  
Administrative 
controls 
0  +  ++  Administrative controls, 
however, are more easily to exert 
in an integrated structure as less 
information asymmetries and 
more transparency exist for the 
project developer regarding the 
performance efforts of the 
partner.  
Technology provision 
It is easier to control the work of an 
employee than that of an external-
service provider, whether that is the 





++  +  0  If adaptation to changing 
circumstances during the project 
planning and operation is 
needed, outsourcing partners 
theoretically adapt more quickly. 
PDD development  
CDM registration procedures have 
changed regularly during the last few 
years. A specialized PDD consultant 
will more quickly adapt to these 
changes as it is part of his core business 
to follow closely the decisions made by 
the CDM Executive Board. 
Co-operative 
adaptation 
0  +  ++  In a situation where unforeseen 
circumstances render cooperative 
adaptation by the project owner 
and his partner necessary, 
outsourcing is more costly. 
Contracts have to be 
renegotiated. 
Technology provision 
If the technology breaks down due to 
the particular climate in a country or 
the particular conditions on a landfill, 
an integrated company can react much 
more quickly. In the case of an 
external-technology supplier, contracts 
would need to be renegotiated. Time 
and money would be lost. 
Contract law  ++  +  0  Outsourcing creates additional 
transaction costs, due to contract 
negotiation and renegotiation 
with partners as well as finding 
the right partner etc. In an 
integrated company, these costs 
are zero. 
PDD development & Technology 
provision 
It is expensive to find the right partner 
and to contract with him. If technology 
provision and PDD development is 
internalized, the costs are zero. 
++ = strong; +=medium; ++=strong 
Source: based on Williamson (1996), Bougherara (2009) 
 
Infrastructure investments are typically specific investments as they are fixed to site 
and are made for the medium or long term.  
The development of a CDM project is specific as it has to be developed for a particular 
landfill.  The  project‘s  PDD,  the  provision  of  the  landfill  gas-capture  and  monitoring   134 
technology can also be regarded as specific investments as they can only be used for this one 
particular project under its particular local conditions. Credit selling seems to be less specific 
as a secondary market for CER exists and therefore CERs – once generated – can be always 
sold. 
It can, therefore be assumed that the transactions related to the development of the 
overall CDM project, the PDD development and the installation should be more successful if 
the project owner integrates them  
Farès & Saussier (2002) remind us that there is a second hypothesis put forward by the 
transaction  cost  theory  that  has  hardly  been  mentioned  in  the  literature:  the  riskier  a 
transaction is, the more likely it is to be integrated. An integrated company can adapt better if 
cost overruns arise and can – therefore – better handle the risks. Riskier projects are financed 
by project developers who integrate the different steps of the CDM value chain.  
 
5   ALIGNING  INCENTIVES  BETWEEN  THE  PARTNERS  WITH 
THE HELP OF CONTRACTUAL RISK SHARING 
 
5.1   The Theoretical Principles 
 
In the previous sections it was shown that bundling can be generally preferred on the 
two levels where decisions on governance structures are taken. The bundling of the landfill 
management and CDM project development, as well as of the building and operation of the 
CDM project, improve the project‘s economic efficiency. On the second level, the integration 
of the CDM value chain renders the project economically more efficient, since it reduces 
partnership risks (risks of hold-up) and increases the incentives to exert best efforts in terms 
of GHG emission reduction/generation of CER. 
In this section the analysis focuses on how far risk sharing between the partners in 
unbundled  projects  as  well  as  between  the  CDM  project  developer  and  his  outsourcing 
partners can align the incentives of all partners to reduce emissions.  
Mirrlees (1975) and Holmström (1979, 1982) have shown that there is a trade-off 
between risk sharing and incentive provision. In fact, the effort of the partners has an impact 
on the project‘s outcome. Risk bearing by the partners, therefore, creates incentives to exert 
effort and improve the project performance. However, the fact that the project‘s performance 
also depends on random variables has to be taken into account. Full risk assumption by the 
private contractor would maximise its incentives to contribute to the best possible project 
outcome. The risk premium to pay to the contractor would, however, be very high as the   135 
contract ties the remuneration of the contractor to an outcome over which he does not have 
full control. 
A compromise – a middle ground – has to be found, where ―the degree of risk sharing 
is such that the marginal loss incurred by shifting risks from the government to the contractor 
equals the marginal gain from increased effort by the contractor‖ (Dewatripont & Legros, 
2005, p. 134). 
The sharpness of incentives and the amount of risk borne by the contractor will depend 
on the 
- Exogenous randomness of contractor‘s performance 
- Contractor‘s degree of risk aversion 
- Cost of effort (Dewatripont & Legros, 2005). 
The main theoretical principle is, therefore, to clearly separate exogenous risks from 
endogenous risks. Endogenous risks are those that the partners can directly control, whereas 
exogenous risks cannot be controlled by any of the project partners. Every partner should bear 
the risks he can control. Exogenous risks that cannot be controlled by any of the partners are 
either borne by the public sector or transferred to the private sector against the payment of a 
risk premium. In the following section, how this risk-sharing principle can be applied to the 
partnerships on the two levels discussed in this chapter: the partnerships between the public 
and private sector and those between the CDM project developer and external partners, will 
be analysed.  
5.2   Risk Sharing between Public and Private Actors 
 
The sharing of risks associated with the generation of CER between the public and 
private  actors  could,  for  example,  pursue  the  following  concept  A  private  operator  and 
investor of the CDM project could especially control the risks related to the construction and 
operation, that is the technological or the monitoring-system risks that the new technology 
does not work as expected. He is the one who knows best the technology and operates it on a 
daily basis and should, therefore, make the necessary adjustments in case of problems. The 
same is true for the verification and operational period. The sale of carbon credits can be done 
by the private CDM project developer. Alternatively he can pass on at least the price risks to a 
partner by setting up an ERPA.  
Exogenous risks in the case of CDM projects are changes of the rules by the CDM 
Executive Board, Post-Kyoto risks, and political risks, such as changes in city government, 
and so forth Following the recommendations of the literature, these exogenous risks should be 
- if they are significant - borne by public actors. Financial risk (especially price risk) can be   136 
shared by signing a fixed-priced ERPA with a carbon-credit buyer. Risks occurring during the 
planning stage as well as operational risks are usually borne by the CDM project owner. 
The sharing of technological, operational and CER-generation risks is also relevant for 
the design of the contractual arrangements between the landfill operator and the CDM project 
developer, as well as between the builder and the infrastructure operator.  It was shown above 
that in both cases bundling leads to a first-best solution in terms of GHG emission-reduction 
incentives. Unbundled solutions lead to inefficiencies due to principal-agent problems (see 
Table 15). However, second-best solutions can be reached in unbundled projects. Contracts 
are structured in a way that every project partner whose action has an impact on the CER 
generated or the amount of GHG reduced by the project bears the risks attached to his action. 
Carbon revenue sharing between builder and operator or between municipality (that delegates 
the construction to a builder) and operator make both partners benefit from the fact that the 
maximum of emission reductions are generated, which means that they both benefit from the 
carbon rent. In that way both partners have an incentive to do their best in terms of investment 
and operation to generate carbon revenues.  
Table 15 : Integrated Solutions versus Unbundled Solutions versus Contract Solutions 









operation of CDM 
project  
First-best solution: 
Incentives are aligned 
because the operator of 
the CDM project who 
generates the CER 
chooses the technology 
and landfill. 
Inefficiencies due to 
principal-agent-problems 
if operator of CDM 
project cannot choose the 
technology.  
Second-best solution:  
Under revenue sharing 
mechanisms, both partners 
benefit from the fact that the 
maximum of emission 
reductions are generated. 
Operation of 
landfill and 
operation of and 
investment in CDM 
project  
First-best solution: 
Incentives are aligned 
because the landfill 
operation and the CDM 
project development are 
integrated in one 
company/group. 
Inefficiencies due to 
principal-agent problems 
as the landfill operator 
does not have incentives 
to contribute to the 
success of the CDM 
project 
Second-best solution: 
Incentives are aligned if 
remuneration of the landfill 
operator is linked to the 
performance of the project, 
which aligns the incentives of 
the partners. 
Source: author  
The private CDM project developer that has accepted to bear risks can pass on these 
risks to external service providers. However, in these newly created partnerships the trade-off 
between risk sharing and incentives also has to be considered. 
5.3   Risk Sharing with External Service Providers 
 
If the technology provision is outsourced, the technology provider generally knows the 
technical and operational capacity of his product better. The CDM project owner can pass on 
risks  to  him that  are  directly  linked  to  the  construction  phase  by  making  the  technology 
provider bear risks of cost overruns. In this case it would be agreed in a so-called turnkey   137 
contract that the technology is handed over to the CDM project owner when it is up and 
running.  
Table 16 : Contractual Arrangements with Partners 
 
Outsourcing partner 
Uncertainties associated with 
the mission of the partner 
 
Possible contractual arrangements 
Technology provider  Symmetric lack of information: 
Uncertainties related to the 
performance of the technology 
in the local environment 
 
Asymmetries of information: 
He knows the technical and 
operational capacity of the 
technology to be installed better. 
- Risk of long-term performance of the 
technology in a particular operational 
environment supported by project owner as 
technology provider is usually paid upon 
delivery of services 
- Risks of cost overruns in construction are 
supported by technology provider 
Consultant  Symmetric lack of info: 
Uncertainties related to the 
decisions taken by the CDM 
Executive Board. 
 
Asymmetries of information: 
He knows the project better in 
terms of its capacity to meet the 
UNFCCC requirements.  
- Contractual clause that makes part of the 
remuneration dependent on registration success 
(the other part may be paid as a lump sum) – 
usually paid after closure of ERPA 
- One part of the remuneration can also be 
linked to the selling of carbon credits 
- Risks of cost overruns in preparing the PDD 
(due to necessary reviews, administrative delays 
and so forth) supported borne by the consultant 
Source: based on Bancal et al. (2010), Dorvil (2007), interviews with project developers 
 
However, as the technology provider is then paid upon delivery of services, the project 
owner  bears  the  technology  risks  that  may  occur  during  operation.  A  symmetric  lack  of 
information
59,  that  is,  an  information  problem  affects  both  partners to  the same extent 
remains.  
Similarly, the risks can be shared between the PDD consultant and the CDM project owner. 
The risks of cost overruns due to review of validation, PDD, and so forth can be supported by 
the consultant as there is usually a contractual clause that makes the remuneration dependent 
on the registration of the project (Bancal et al., 2010) (see Table 16). 
 
6   CONCLUSION  
 
In this chapter whether partnership risks/ principal-agent problems play a role in the 
financing of CDM projects in the landfill gas-flaring sector was analysed theoretically. It was 
shown that partnership risks exist when private operators of CDM projects have to cooperate 
with the operators of the existing landfill and with external service and technology providers 
that provide their expertise for the development and operation of the CDM project. In fact, 
problems of unaligned incentive as well as hold-ups may arise. This leads to a weakening of 
the incentives to reduce greenhouse-gas emissions created by the CDM in the first place.  
                                                 
59 The term symmetric lack of information was coined by Dorvil (2007).    138 
Two  types  of  partnerships  were  looked  at:  partnerships  between  the  municipality 
(usually the owner of the landfill) and the private operators of landfill and CDM project as 
well as those between CDM project developers and specialised service providers (technology 
provider, PDD consultant, CER broker). 
In theory, inefficiencies arise if the landfill operation and the CDM project, as well as 
the building and operation of the CDM project, are unbundled.  
The problem of hold-up is especially important if investments are specific, that is, in a 
situation where the investor is locked into the partnerships as he cannot end the partnership 
without losing his investment. This is the case for most components of the CDM value chain. 
The technology and the PDD development are usually specific to one particular project. In 
this chapter, where these risks arise was shown, based on the relevant economic literature.  
To sum up, partnerships and additional risks associated with them may be created in 
order  to  benefit  from  the  partner‘s  know-how  and  his  capacity  to  integrate  the  CDM 
development horizontally. This way, economies of scale and learning effects regarding the 
management of CDM-specific risks and transaction costs can materialise. 
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In  order  to  avoid  partnership  risks,  the  landfill  operation  and  the  CDM  project 
development should be bundled and the elements of the CDM value chain, integrated.  
Alternatively, adequate risk-sharing mechanisms have to be designed that align the 
incentives  of the different  partners in  terms  of rendering the project  environmentally and 
economically efficient.  
A new principle of risk-sharing arrangements has been developed: partnerships risk 
have  to  be  minimised.  Figure  31  illustrates  graphically  the  different  climate-change  risk-
sharing principles and the trade-off between them. These trade-offs have to be avoided or 
managed on a project-by-project level. The first-best solution is to avoid the problems by 
vertically integrating the operation of the existing landfill and the CDM project. This is why 
projects  are  expected  to  be  more  successful  if  the  project  owner  integrates  the  PDD 
development and the installation of the low-emission technology. The bundling of the landfill 
operation and the development of the CDM project is a first-best solution as no principal-
agent  problems  exist.  Contracts  can,  however,  mitigate  the  principal-agent  problems  and 
provide for a second-best solution. 
As a second-best solution risk sharing arrangements can be put in place to mitigate 
partnership risks. 
Horizontal integration of CDM project development (i.e. the development of a large 
portfolio of CDM projects) seems to generate economic benefits as well. 
This  is  why  it  can  be  expected  that  large  integrated  international  waste-treatment 
companies  that  can  horizontally  and  vertically  integrate  the  landfill  management  and  all 
elements of the CDM value chain are the most successful actors. They can provide the entire 
investment for the CDM project upfront as they can diversify the risks over their large project 
portfolio around the world. Also, CDM projects have a rather limited size compared to their 
overall investment portfolio. Thus, partnership risks can be minimised and the risk premium 
can be reduced.   
It will be therefore tested in the following Chapter III whether the project developers 
that can vertically integrate finance ex-ante the riskier projects. Also, it should be investigated 
whether the projects developed by these large integrated companies are also ex-post more 
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ANNEX 
 
The following table summarises how far the general  assumptions of the principal-
agent theory are used in the following analysis. This is done for the case of the relationship 
between a (public) project sponsor and a (private) operator. 
Table 17: Summary of Aspects of Agency Theory Applied to CDM Projects  
(Contractual Arrangement – Management Contract) 
 


















BETWEEN RISK-SHARING AND MANAGEMENT OF 
TRANSACTION COSTS: PARTNERSHIPS OF CDM 
PROJECTS IN THE LANDFILL GAS-FLARING SECTOR
60 
 
                                                 
60 A summarised version of this chapter is to be submitted to an academic journal for publication within the year 
following the defence of the present dissertation.   148 
1   INTRODUCTION 
 
  The development of low-emission urban infrastructure projects has been regarded as 
an essential element of local governments‘ climate-change mitigation policy (Kennedy et al., 
2009a; IPCC, 2007, Corfee-Morlot, 2009a). In developing countries new technology solutions 
that  allow  reducing  the  greenhouse-gas  (GHG)  emissions  can  be  financed  by  the  Clean 
Development Mechanism (CDM)
61. This Mechanism allows generating Certified Emission 
Reductions (CER), measured in metric tons of carbon -dioxide equivalent that correspond to 
the emissions reduction compared to a baseline scenario. The CER can then be sold on the 
international carbon markets. So far urban infrastructure projects make up for roughly 13% of 
all CDM projects registered. The large majority of these projects have been developed in the 
wastewater-treatment and landfill-gas sectors (CDC Climat, 2010). 
  A wide selection of literature has identified CDM-specific risks and transaction costs 
as the major obstacle in attracting private investors and project  owners (Michaelowa & Jotzo 
2005, Michaelowa et al. 2003; UNEP RISOE, 2005; Michaelowa, 2005). Ellis & Kamel 
(2007) point out that the high-risk perception by investors  is caused by the co mbination of 
high (CDM-specific) transaction costs associated with completing the CDM project cycle 
incurred  up-front,  as  well  as  CDM  revenue  being  generated  only  once  the  project‘s 
methodology has been approved, the project registered and the credits issued.  
  Nevertheless, Benecke et al. (2008) observe that private companies are ready to invest 
in their own capacity building regarding the completion of the CDM project cycle. Costa et al. 
(2008) show that private companies, in particular waste-management companies, are keen to 
explore business opportunities and to find channels to export their technologies to developing 
countries through the CDM.  
  In this chapter, whether public-private partnerships (in the wide sense
62) can help to 
mitigate risks, manage transaction costs and render projects more successful is analysed.  
In fact, Sippel & Michaelowa (2009) observed that municipalities often lack know -
how and acquire know-how only very slowly. This would suggest integrating private actors in 
the development and operation of these projects. Clapp et al. (2010) have found that there is 
potential for risk-sharing arrangements between the different project actors in the municipal 
sectors. They argue that partnerships should be created with specialised CDM project owners 
                                                 
61 The CDM is defined in Article 12 of the Kyoto Protocol that was adopted at the Conference of the Parties 
(COP3) to the United Nations Framework Convention on Climate Change (UNFCCC) held in Kyoto, Japan, in 
December 1997 and entered into force in 2005. 
62 This term is here defined as any partnership between the municipality and  private CDM-project owners and 
operators as well as external private-service providers.   149 
and private service providers (such as consultant and technology providers) as they have a 
better capacity to manage risks and transaction costs. 
  To our knowledge, the question as to how CDM specific risks and transaction costs 
can be managed within public-private partnerships has not been analysed in detail yet. In 
particular the present analysis takes into account partnership risks in the form of coordination 
problems between the partners as well as hold-up problems. The theoretical foundation of the 
analysis is the transaction-costs theory. In particular Coase (1937), Williamson (1981), Hart 
(1995) and Hart & Moore (1990) have shown theoretically that firms tend to integrate the 
different elements of their value chain if the investment is specific and, hence, the risk of 
hold-up by one of the partners is high. This theory has also been applied to infrastructure 
projects (notably by Hart, 2003; Bennett & Iossa, 2004; Dewatripont& Legros, 2005). It has 
been shown that inefficiencies arise if the construction and building of infrastructure projects 
is  delegated  to  different  private-service  provides.  A  bundling  of  the  infrastructure  would 
avoid these inefficiencies. Otherwise, well-designed risk-sharing arrangements between the 
partners can mitigate these partnership risks. 
  The landfill  gas-flaring sector is  chosen for the present  case-study analysis. These 
projects imply the installation and operation of landfill gas-capture and flaring equipment as 
well as a monitoring system on existing landfills. Private companies have taken the lead in 
this sector (81% of all registered projects are owned by private companies, a calculation by 
author based on UNEP RIOSE pipeline and UNFCCC website
63).  
  This chapter  empirically analyses whether CDM project  owners vertically integrate 
elements of the CDM value chain (technology provision, development of the project design 
document, PDD
64 and the selling of the CER on the international carbon markets) in order to 
manage risks. It also analyses whether vertical integration leads to  more-successful project 
outcomes. Also the relationships between (municipal) landfill owners and private CDM -
project owners are looked at under this perspective.  
  The specialisation of the project owner as well as learning effects of the wh ole CDM 
community are controlled for as these variables are expected to have an impact on the project 
owner‘s capacity to manage risks as well as on the project success. 
  This  chapter  is  organised  as  follows.  First  of  all,  the  hypotheses  to  be  tested  are 
developed.  Second,  the  dependent  and  independent  variables,  as  well  as  the  research 
methodology used, are presented. Third, whether more vertically integrated and/or specialised 
companies can better manage project risks ex-ante and better manage the CDM project ex-
                                                 
63 http://cdmpipeline.org; http://cdm.unfccc.int/. 
64 «The project design document (PDD) is the key document involved in the validation and registration of a 
CDM project activity. » (CDM Rulebook, Large scale >Project design document > What is  the project design 
document (CDM-PDD)?, <www.cdmrulebook.org/ 405, on 29th August, 2011).   150 
post is analysed. The results are discussed before a final section concludes and deducts policy 
implications from this analysis. 
2   FORMULATION OF HYPOTHESES 
 
The  success  of  CDM  projects  depends  to  a  large  extent  on  the  project  partners‘ 
capacity to handle CDM-specific transaction costs and the associated risks. The creation of 
partnerships can allow managing risks and transaction costs as long as partnership risks (i.e. 
risks related to coordination problems and hold-up) are mitigated. Partnerships can be created 
on two levels. 
In a first step, a landfill owner may decide to grant the concession for the development 
of the CDM project either to the landfill operator or to an external specialised CDM project 
developer (who will be the CDM project owner). In both cases, the CDM project is expected 
to contribute to the improvement of the landfill design and operation as additional funds are 
generated through the CDM. 
In a second step, the CDM project owner may invest in ―in-house‖ capacity building 
and integrate the different steps of the CDM value chain (the development of the overall 
CDM  project  on  the  existing  landfill,  engineering  and  technology  provision,  PDD 
development and the selling of carbon credits)
65. Alternatively, he can outsource the elements 
of the CDM value chain (or some of them) to specialised service providers (such as external 
consultants or technology providers) (see Figure 32).  
Figure 32 : The Two Levels of Specialisation in the Landfill Gas-Flaring Sector 
 
Source: author based on interviews and PDD 
                                                 
65 In chapter II of this dissertation the relationship between municipality and CDM-project developer was clearly 
separated from the outsourcing decision along the CDM value chain by the CDM project developer. In this 
chapter, the same separation is still used. However, the decision to delegate the CDM project development to an 
external company instead of to the landfill operator is also summarized here under « outsourcing decision » in 
order to summarize the issues. 
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Outsourcing of elements of the value chain comes along with economic costs and 
benefits that have to be weighed off. Williamson (1981; 1985; 1996) especially emphasised 
the notion of asset specificity to show the advantages of integrated governance structures. The 
more specific the asset, the more likely will vertical integration be optimal. In the case of 
specific  investment,  the  investor  is  subject  to  the  risk  of  ―hold-up‖
66  by  his  contractual 
partners.  
Indeed, the development of the CDM project is specific as it has to be developed for a 
particular landfill. The project‘s PDD, the provision of the landfill-gas capture and monitoring 
technology can also be regarded as specific investments as they can only be used for this one 
particular project under its particular local conditions. Credit selling seems to be less specific 
as a secondary market for CER exists and, therefore, CER – once generated – can always be 
sold. 
  The hypotheses to be tested in this chapter can, therefore, be formulated as follows: 
Hypothesis H1a: Projects are more successful if the project owner integrates the PDD 
development and the installation of the low-emission technology. 
Hypothesis H1b: The riskier projects are financed by project owners that integrate the 
different steps of the CDM value chain.  
Hypothesis  H1b  is  based  on  Farès  &  Saussier  (2002),  who  remind  readers  that 
transaction  cost  theory  has  developed  a  general  hypothesis  that  is  often  neglected.  This 
hypothesis  is  that  the  riskier  a  transaction  is,  the  more  likely  it  is  to  be  integrated.  An 
integrated company can adapt better if cost overruns arise and can, therefore, better handle the 
risks.  
In both cases (integration and outsourcing), the involved firms can make use of the 
advantages of horizontal integration, which refers to the scaling up of project development at 
the same level of the value chain. Specialising and learning effects can be realised that lead to 
a reduction of transaction costs through economies of scale
67. 
Theoretically,  both  -  horizontal and vertical  integration  -  allow the CDM project 
developer to better manage CDM specific risks ex-ante and to be more successful ex-post. 
 
 
                                                 
66 The term ―hold-up‖ describes a situation where one investor depends on a partner in order to lead the business 
activity to a successful outcome. He is not able to use the assets for any other activity. He is, therefore, exposed 
to the risk that the partner will use his increased bargaining power to increase his own profit by reducing the 
profit to be earned by the investor at the same time (see for example Holmström & Roberts (1998) for a more 
detailed explanation and examples). 
67 The underlying assumption is that the companies have the financial capacity to finance a large amount of 
projects in order to make these choices.    152 
3   RESEARCH APPROACH AND METHODOLOGY 
 
3.1  Database 
 
  The  database  constructed  for  the  present  analysis  is  based  on  the  CDM  pipeline 
provided by UNEP RISOE as of 1
st January 2011. Information on the 75 registered landfill 
gas-flaring projects that are grouped under ―type: landfill gas‖ and ―sub-type: landfill flaring‖ 
was extracted from the database. The necessary information for the present study includes 
information on investment costs, expected CER per year in the first crediting period, length of 
the first crediting period, name of the PDD developer, name of the CER buyer. 
  In a subsequent step, information from the individual PDDs
68 for each project was 
added. This  information includes the name of the CDM project owner, the nature of the 
project owner (international, local or municipal), name or origin of the technology provider, 
name of  the concessionaire/operator of  landfill,  name of  the CDM project  operator (if 
different  from  CDM  project  owner),  information  on  contractual  arrangements  between 
landfill owner, landfill operator and CDM project owner. 
  If this information could not be found in the PDD, other sources were used, such  as 
investor and project-developer webpages, press releases that explain  the project design and 
partnerships. Information on the role of different project partners and the owner of the project 
was also taken from the ECO 2 database (2011). Also, semi-structured interviews have been 
carried out with market actors to gather additional information. 
 
3.2   Choice of case study 
In order to analyse whether vertical integration allows better managing risks and leads 
to more successful projects, the case study of the landfill gas flaring projects that  do not 
generate electricity is chosen. The rationale behind this choice was to focus on a particularly 
risky type of projects. It is assumed that the higher the average risk, the easier it is to analyse 
risk management strategies and their efficiency. Landfill gas flaring projects are reportedly 
riskier than other project types: they deliver only about one third of expected CER (Cormier 
and Bellassen, in prep; UNEP RISOE pipeline as of January, 2011). Within this project type, 
projects that do not generate electricity are even riskier. The ―riskiness‖ of these projects 
arises from the fact that the upfront investment has to be entirely gained through carbon 
credits.  Electricity-generation  projects  can  count  on  an  additional  and  more  predictable 
revenue  stream  than  CER,  the  electricity  sales.  In  fact,  the  electricity  generation  can  be 
regarded as a risk diversification strategy. Furthermore, it has been reported in interviews (in 
                                                 
68 To be found on the UNFCCC website: http://cdm.unfccc.int/   153 
particular Vidaillet, 2011) that electricity is generated on the better landfill. Projects that do 
not generate electricity can therefore be regarded as riskier also as far as the conditions of the 
landfill and the biogas are concerned.  
 
3.3  Definition of Dependent Variables 
 
3.3.1 The relative riskiness of projects as perceived by project owners before 
investment 
 
  When  taking  his  up-front  investment  decisions  a  potential  project  owner  usually 
weighs  off  between  upfront  investment  costs  and  net  revenues  to  be  generated  over  the 
operational life time of a project. The more unstable and unpredictable the revenue stream the 
riskier the project  for the initial  investor.  In the case of the CDM the revenues  are very 
unpredictable (only around 38% of all expected credits from landfill gas projects could be 
generated, UNEP RISOE pipeline as of January 2011). There is therefore a high risk for the 
project owner who raises the up-front investment necessary to install the add-on technology 
on the landfill. The higher the investment costs the higher is the amount that will be lost in the 
case that no or only little revenues are generated. It was reported in interviews carried out for 
the analysis that the amount of the upfront investment is a predominant investment decision 
criterion as the expected value of revenues is very low (as the probability to generate revenues 
is low). 
  Accordingly,  in  cases  where  the  abatement  costs/CER  ratio  is  relatively  high  (i.e 
abatement costs are relatively high and/or CER relatively low), cost overruns (for example 
due to operational difficulties and difficulties to fulfil the CDM project cycle) are a bigger 
threat to the project owner than in cases where the ratio abatement costs/CER are relatively 
low. It has to be noted though that high abatement costs are due to conservative calculations 
and that the possibility of cost overruns may have already been considered. However, given 
the fact that the calculations by project owners or their consultants are auditored, it is assumed 
that this is not systematically the case. 
  As an investor may be averse to invest in projects with relatively high investment costs 
(sunk costs) under uncertain revenues, it makes sense to look at two variables in order to 
classify the projects according to their riskiness as perceived by the project owner ex-ante (i.e. 
before  the  start  of  operation):  absolute  investment  costs  and  the  investment  costs/CER 
expected. 
  Focusing  on  these  two  variables  allows  notably  avoiding  two  methodological 
difficulties associated with the classification of projects according to their relative riskiness.   154 
First of all, situation-specific data is difficult to obtain as the PDD do not specify how risky a 
particular landfill is and project owners do not provide any information on this in interviews. 
Even the development of a risk matrix to classify projects according to their risks seems 
extremely difficult in this context. 
  Secondly,  under  the  chosen  approach  the  revenues  do  not  need  to  be  calculated. 
Estimating  revenues  is  difficult  as  no  primary  CER  prices  are  available  on  a  project-by-
project  basis.  Assumptions  are  difficult  to  make  as  they  depend  namely  on  the  relative 
riskiness of the projects, which would lead one back to the initial problem.  
  While  the  present  approach  does  not  allow  gaining  a  detailed  understanding  of 
particular  technological  and  situation-specific  risks  on  the  individual  landfill,  it  can  be 
assumed that the estimated abatement costs do reflect to some extent these risks as project 
owners integrate them in their up-front cost calculation. 
 
1)   The absolute abatement costs 
  In the case of landfill gas-flaring projects, the abatement costs equal the investment 
costs (Capital Expenditure, CAPEX) of the CDM project as the baseline of the project is a 
―no-project-scenario‖ and the investment costs of the baseline are, hence, zero.  
    The investment costs are provided in the UNEP RISOE pipeline. There is data 
on expected investment costs for 54 projects. The data is distributed as follows. 
Figure 33 : Histogram - absolute abatement costs (MUSD) 
 
Source: UNEP RISOE pipeline 
 
The investment costs to be found in the pipeline are taken from the PDD and include only the 
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However, learning of the entire CDM community may play a role. It is possible that in 
the early  years difficulties that arise during the construction and operation of landfill gas 
flaring  projects  and  in  particular  to  the  fulfilment  of  the  CDM  project  cycles  were 
systematically underestimated as the CDM was a completely new mechanism to the market. It 
makes, therefore, sense to analyse whether the absolute abatement costs depend on the year 
when the PDD was submitted for validation. The variable ―date of start comment‖ from the 
UNEP RISOE pipeline is used for this analysis. In fact, this is the first date available in the 
pipeline. It refers to the date when the PDD is submitted for public comments for the first 
time as part of the validation procedures. It is, therefore, an appropriate variable to determine 
when the cost calculations were carried out. 
  If the averages of the years 2006, 2007 and 2008 (those years where a reasonable 
amount of data is available are compared, no statistically significant diffrence can be found 
between the averages of these three groups (Figure 34; an ANOVA calculates a p-value of 
36% and Kruskal-Wallis a H-statisitcs of 2.5 compared to a chi-value of 5.8). Learning effects 
are, therefore, not controlled for in the following analysis that uses the dependent variable 
―absolute abatement costs‖.  
 
Figure 34 : Absolute abatement costs (MUSD) according to year of start of public comment period at 
validation 
 
Source: UNEP RISOE pipeline 
 
  It is remarkable though that the four projects for which the PDD was submitted for 
public comments in 2009 have relatively high abatement costs comapred to the rest of the 
sample.  They  seem  to  have  no  common  caracteristics.  Two  each  are  developed  by 
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different countries and geograpical regions: Cameroon, Usbekistan, Colombia and Vietnam. 
The project costs have been validated by four different validators (AENOR, JQA, RINA, 
SGS). A learning effect can therefore not be denied in very recent years and it would be 
interesting to intergate more recent data once it becomes available ot see whether this trend 
can be observed also in later projects. 
 
2)   The expected abatements costs per expected CER 
  Another indicator for the perceived riskiness of the projects by the project owner is the 
expected abatement costs per every ton of CO2 equivalent expected to be reduced by the 
project.  The  expected  investment  costs  are  divided  by  the  product  of  the  annual  CER 
generated and the years of the first crediting period. This is a conservative estimate as for the 
projects with a renewable crediting period, only the CER expected to be generated during the 
first crediting period of seven (7) years are considered. This is in line with what has been 
reported by market actors in interviews. Due to political uncertainties regarding the continuity 
of the CDM after 2012, investors take into account only the first crediting period in their 
investment decisions. Cutting off in 2012 would suggest that projects registered in 2009 and 
2010 would have hardly any time to generate credits, which is not plausible. Investors must 
have insured themselves against the 2012 risk, for example through a World Bank facility. 
  The  expected  abatement  costs/CER  are  distributed  as  follows  (Figure  35).  The 
majority of projects have abatement costs/CER of between one (1) and four (4) USD per CER 
expected during the first crediting period.  
 
Figure 35: Histogram Abatement Costs/CER (USD/CER) 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
  An outlier of 61.2 USD/CER has been deleted from the sample. Attention has to be 
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costs  that  are  higher  than  seven  (7)  USD.  Shimizu,  a  Japanese  construction  company,  is 
involved in these projects. This company provides consulting in terms of PDD development 
and buys the carbon credits from these projects. According to ECO2 database (2011), they are 
not the owner of the project but develop the projects for municipal project owners.  
  Also,  Bionersis  owns  two  of  the  outliers  in  terms  of  abatement  costs/CER.  It  is 
possible  that  the  abatement  costs  are  higher  as  more  contingencies  are  integrated  in  the 
abatement costs. This indicates a possible bias for our analysis, as this would mean that the 
abatement costs may be influenced by the presence of some particular companies and the way 
they estimate costs and revenues ex-ante, that is, at the time of drafting the PDD. The sub-
sample of projects owned by municipal companies may, therefore, be slightly biased by its 
outliers.  
  Expected  absolute  abatement  costs  and  the  total  expected  CER  during  the  first 
crediting period are correlated to a little extent (as can be seen in Figure 36). This suggests 
that high expected CER are not the only factor that explains high abatement costs and vice 
versa
69, meaning that other factors, such as technological aspects, particular conditions of the 
landfill and so forth, explain abatement costs as well.  
 
Figure 36: Correlation between Investment Costs and Expected CER 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
Abatement  costs/CER  estimates  are  likely  to  be  time-dependent.  Early  projects 
estimates are lower than those of later projects, when the different determinants of risk were 
much better known, and owners would estimate CER levels much more conservatively and 
leave add contingencies into the calculation of abatement costs.  
                                                 
69 A possible causality could have been that higher up-front investment in the landfill gas capture and flaring 
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  Indeed, a statistically significant difference can be found in the abatement costs/CER 
between the projects for which the PDD was submitted for public comments during validation 
in the years 2006, 2007, 2008. The p-value is 0.01%, while the H-statistics amounts to 15.35 
compared to a chi-value of 5.8. The four projects for which the PDD was submitted for public 
consultation  in  2009 are  the same that have been discussed before in  the analysis of the 
absolute abatement costs.  
Figure 37 : Abatement costs/CER (USD/CER) according to year of start of public comment period 
at validation 
 
Source: UNEP RISOE pipeline 
 
In the analysis that uses the variable ―abatement costs/CER‖ the learning effect will be 
systematically be taken into account. 
 
3.3.2 Measuring the success of projects 
 
  In general, successful projects can be defined as those projects that have achieved 
emission reductions compared to the estimate in PDD, that is, which have generated CER. For 
all these projects, the UNEP RISOE pipeline provides the ―issuance success rates‖, which is 
calculated by dividing the generated CER by the expected CER at the same point in time as a 
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Figure 38: Histogram Issuance Success Rates in the Landfill Gas-Flaring Sector 
 
Source: UNEP RISOE pipeline 
 
It can be seen in Figure 38 that the majority of projects that have issued have issued 
less than 60% of the expected CER at the same point in time. The remaining projects are 
divided into two groups: 4 have issued between 60% and 120% of their expected credits and 4 
have issued more than 120% of their expected credits. 
The issuance success rate will be used in order to measure the relative success of 
projects that have already issued.  
Another category of projects is created in order to integrate the non-successful projects 
in the analysis. The projects that are defined here as ―lagging behind‖ are those projects that –
since  registration  –  have  been  waiting  longer  for  their  first  issuance  of  credits  than  the 
majority of successful projects had to wait. In fact, the large majority of the projects that have 
issued credits (except for two) have done so up until 30 months after registration (see Figure 
39). Therefore, all projects that have been waiting for their issuance for more than 30 months 
are classified as ―lagging behind‖. It seems therefore that all projects that have not issued 
CER after 30 months have most likely encountered construction and operational difficulties. 
The aim is not to identify projects that have failed, but those that have encountered problems. 
Those that are lagging behind do not have common characteristics: they have not been 
developed in the same countries. Roughly one third of all big, average and small projects are 
lagging behind. However, the project owner may determine the fact that a project is lagging 
behind: five of the projects are developed by the municipality (of a total of seven projects); 
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Figure 39: Issuance Delay (in Months) of Projects in the Landfill Gas-Flaring Sector 
 
Source: calculations and classifications by author, UNEP RISOE pipeline 
 
Figure 40 : Issuance success rate according to year of start of public comment period at validation 
 
Source: UNEP RISOE pipeline 
 
There are 16 projects for which this is the case. One of them has never materialised 











"1-5" "5-10" "10-15" "15-20" "20-25" "25-30" "30-35" "35-40" "40-45" "45-50" "50-55" "55-60" "60-65"



















Projects that have not issued yet and whose registration took place more than 30 months ago ("lagging behind")
Projects that have already issued CER according to number of months it took them to issue after registration ("good" and "outperformers")








2003 2004 2005 2006 2007 2008























Border between projects that are 
lagging behind and those that are not    161 
All projects that have not issued credits yet and have not waited 30 months yet are 
excluded from the analysis. No judgement can be made about whether they are successful or 
not. 
  As  was  done  with  the  other  dependent  variables,  it  makes  sense  to  also  analyse 
whether  learning  effects  over  time  determine  the  variable  ―issuance  success  rate‖.  It  is 
possible that earlier projects that could not be based on prior experience with CDM in the 
sector may have overestimated the potential CER to be generated and turn, therefore, out to 
be less successful than later projects. 
  In fact, the issuance success of the projects depends on the year of the start of the 
public  comment  period  (Figure  40).  There  is  at  least  some  doubt  whether  the  difference 
between the issuance success  rates of those projects  that submitted their PDD  for public 
comments in the years 2004, 2005 and 2006 is statistically significant. ANOVA calculates a 
p-value of 5%. However, the variances are very high and the Kruskal-Wallis test does not 
confirm  the  results  (H-statistics:  5.2  against  a  chi-value  of  7.8).  If  the  biggest  outlier  is 
removed, ANOVA still calculates a p-value of 9%. The learning effects will, therefore, be 
systematically controlled for.  
Table 18 : ANOVA : Learning Effect and Issuance Success Rate 
SUMMARY           
Groups  Count  Sum  Average  Variance     
2004  5  2,321965  0,464393  0,218304     
2005  12  3,181769  0,265147  0,04769     
2006  9  7,367036  0,81856  0,496384     
             
             
ANOVA             
Source of 
Variation  SS  df  MS  F  P-value  F crit 
Between Groups  1,580888  2  0,790444  3,386225  0,051405  3,422132 
Within Groups  5,368872  23  0,233429       
             
Total  6,94976  25             
Source: calculation by author, based on UNEP RISOE pipeline 
 
  However, as regards the grouping of projects in successful projects and projects that 
are lagging behind, no learning effect seems to bias the analysis. Projects are not only more 
successful over the years but there are also more projects lagging behind (Figure 41). The 
reason can be that not only learning effect have had an impact on the success of projects. Also 
more and more workload for validators can have lead to a situation where projects take longer 
to issue credits. There are, therefore, two factors that bias the results in opposite directions. It 
can be assumed that the fact that a project issues credits and a relatively high percentage of 
those that were expected does depend to some extent on the capacity of the project owners   162 
and his partners to manage the project. The constructed variable can, therefore, be used to 
assess the project success of the individual projects independently of the year of the public 
comment period.  
 
Figure 41 : Project success according to year of public start comment 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
3.4 Definition of independent variables  
 
3.4.1 Contractual arrangements for the CDM project development  
 
  In order to analyse whether specialisation of the project owners has taken place, it is 
convenient to look at the development of the use of three different types of contracts that 
organise landfill management and the CDM project development. For the  purpose of this 
study, the contracts  were grouped into ―CDM concessions‖, ―integrated concessions‖ and 
―management contract‖ (classification developed by author, see Table 19).  
 





CDM  project  owner  is  already  in  charge  of  landfill 
management. 
 




CDM  project  owner  is  a  municipality  that  outsources  the 
operation  of  the  CDM  project  and  of  the  landfill 
management to one or two private operators. 
Source: author 
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3.4.2 (Un)bundling of CDM value chain 
 
Once the concession for the installation and operation of the CDM project has been 
awarded, the project developer can outsource parts of the value chain or decide to integrate 
the elements in his production process. First of all, the projects are grouped into those that 
totally  integrate  the  CDM  value  chain  (that  is,  the  technology  provision,  the  PDD 
development and the CER selling) and those that outsource at least one of those elements.  
3.4.3 Make-or-buy of technology 
 
  The  projects  were  divided  into  those  for  which  the  technology  provision  was 
outsourced and those for which it was integrated.  In 42 out of 75 projects, technology is 
provided by external partners as is often stated in the PDDs. The information was found in the 
PDDs of the individual projects or on the company‘s websites. 
 
3.4.4 Make-or-buy of PDD development 
 
The development of the Project Design Document (PDD) can be done either by the 
project owner himself or by an external consultant. The PDD consultant  usually provides 
procedural support regarding the CDM registration procedure. The data is divided into two 
groups: those projects for which the owner integrates the PDD development and those for 
which it is outsourced. 
  Forty-five (45) project owners out of 73 (for which the respective data was available) 
outsourced the PDD development to external consultants. The information is available in the 
UNEP RISOE pipeline. 
 
3.4.5 Financial risk sharing through partnerships  
 
CDM project owners may choose to enter into a partnership with a CER broker in 
order to share risks associated with the selling of the carbon credits.  
In the landfill gas-flaring sector, risk-sharing arrangements generally concern the CER 
price risk by setting up Emission Reduction Purchase Agreements (ERPAs) with external 
credit buyers. Risks associated with the quantity of CER to be generated can hardly ever be 
shared with external credit buyers (Schmidt-Traub, 2011)
70. It can, therefore, be assumed that 
                                                 
70 An exception is Bionersis that entered into partnerships with E.ON and EDF Trading. The contracts stipulate 
that  after  construction  Bionersis  receives  an  up-front  payment  that  covers  the  CAPEX  for  the  CER  to  be 
generated during the operational phase (Vidaillet, 2011).   164 
project risks are supported by the project owner but that at least the price risk and CER 
market risk can be passed on the a partner. 
  Project owners can sell future carbon credits through an ERPA at any point in time. 
The earlier the ERPA is set up the more risks of completing the project cycle is passed on to 
the partner and, hence, the lower the price to be achieved by the project owner.  
So it is analysed whether the ex-ante risk perception of the project owner impacts his decision 
to enter into this partnerships sooner or later. The underlying assumption is that there are 
always enough credit buyers and that the project owner voluntarily waits as he wants to sell 
his CER for a higher CER price later on.  
  The projects are categorised into the four groups (see Table 20).  
Table 20 : Categorisation of projects according to point in time when ERPA was signed 
No ERPA signed  This can be the case for projects developed by international project 
owners. These projects are bilateral because the local subsidiary and 
the holding company received approval letters by the host country 
DNAs. However no additional credit buyer was added as an 
additional partner to the project through an approval letter. Of course 
there must be some written agreement between the subsidiary and the 
holding company about the selling of the CER. However, it is here not 
considered the same way as an ERPA signed with an external partner 
as the risks stay within the holding company. 
ERPA signed before registration  This group includes projects owned by international and local 
companies. The first approval letter by a national DNA that adds a 
credit buyer to the project was received before the project was 
registered. A local project becomes bilateral once the ERPA is signed, 
while the international project is already bilateral, but adds the first 
credit buyer to the project. 
ERPA signed after registration  The first approval letter by a foreign DNA for a credit buyer (other 
than those of approval letters for international holding companies) 
was received after registration of the project. According to the CDM 
Rule Book (2011) definition local projects under this category are 
―unilateral‖ projects. 
ERPA signed after issuance  The first approval letter by a foreign DNA for a credit buyer (other 
than those of approval letters for international holding companies) 
was received after the issuance of credits. Local projects that fall 
under this category are unilateral projects under the approach used by 
Lütken & Michaelowa (2008) and Michaeloww (2007) that classify a 
project as ―pure unilateral‖ when it involves no foreign direct 
investment (FDI), only has the approval of the Designated National 
Authority (DNA) of the host country and sells its CERs after 
certification directly to an industrialised country. 
Source: author 
 
   In  order  to  categorise  the  groups  the  approval  letter  by  a  national  DNA  that  are 
available  for  every  project  on  the  UNFCCC  website  (www.cdm.unfccc.org)  were 
downloaded. The date of the first letter available was compared to the date of registration and 
issuance available in the UNEP RISOE pipeline. 
  The classification of local  and international  project  owners used in  this  chapter is 




3.4.6 Specialisation of project owner 
 
One way of grouping the projects is by the nature of their project owner. The nature of 
the project owner refers to its origin and its public or private ownership. Three groups are 
differentiated:  municipal  project  owners,  local  private-project  owners  and  international 
private-project  owners.  It  can  be  assumed  that  international  project  owners  are  more 
specialised than local project owners and municipalities, as the landfill gas-flaring technology 
has already been widely used in Europe and North America. Municipalities are generally 
regarded as the less specialised actors (see, for example, Clapp et. al., 2010). 
The international private-project owners may be active through local subsidiaries that 
are in most cases fully owned by the international companies. International project owners 
develop a CDM project beyond the borders of the country, where their headquarters are. 
Those project owners were categorised as international project owners that could be identified 
as a subsidiary of a big international group. This is in most cases mentioned in the PDD
71. 
Project owners were classified as local that own a CDM project within the  borders of 
their country of origin.  
 
3.5 Research Methodology 
 
The  empirical  analysis  is  threefold.  First  of  all,  whether  the  degree  integration  of 
activities along the CDM value chain depends on the risk perception of the project owner ex-
ante is investigated. Second, whether the degree of vertical integration has an impact on the 
project success ex-post is also investigated. Lastly, whether the specialisation of the project 
owner can explain the observed results is analysed. 
 
1) Research methodology of ex-ante analysis 
  The basic idea is to determine statistically whether there is a difference in the means of 
the dependent variables ―absolute abatement costs‖ and ―abatement costs per CER‖ between 
the  different  sub-groups  of  the  sample  as  defined  above  (see  Section  3.3).  The  ANOVA 
(Analysis of Variance
72) is used to do so.  As the samples used for the present analysis are 
                                                 
71 This definition was also applied if the projects were unilateral (i.e. they had only been approved by the local 
DNA) in the very beginning. Very often they became bilateral once their international mother company received 
an approval letter by their home DNA. In nearly all cases the projects became bilateral before registration. 
72 The ANOVA-test provides a statistical test of whether or not the means of several groups are all equal and, 
therefore, generalizes the t-test to more than two groups. It is helpful in comparing two, three or more means. 
The null hypothesis is that all groups have the same means. The test compares the variances within and between   166 
often  very  small,  they  have  very  different  variances.  Therefore,  they  do  not  fulfil  the 
assumptions  made  by  ANOVA.  It  is  very  likely  that  the  samples  turn  out  to  be  equally 
distributed once more data is available. However, as for the time being one cannot be sure 
about it, the numerical Kruskal-Wallis test that does not make the strong assumption on equal 
distribution of data is also employed. This does not use the real values of the observations but 
observations are converted to their ranks in the overall data set. While for the ANOVA the 
null hypothesis is that the populations have identical means, here the null hypothesis is that 
the samples  come from the same populations.  If the null hypothesis  can be rejected, the 
conclusion is that there is a statistically significant difference between at least two of the 
groups. 
 
2) Research methodology of ex-post analysis 
The research methodology is, in principle, similar to the one described above. The 
different sub-groups of the sample are compared in terms of their ex-post project success. The 
empirical method employed consists, however, of two different steps. 
First,  is  analysed  whether  the  projects  differ  in  terms  of  the  percentage  of  those 
projects that have issued credits and those that are lagging behind. The comparison of the 
performance  of  the  different  groups  of  projects  is  made  by  a  simple  comparison  of  the 
performances observed.  
Second, the ANOVA and Kruskal-Wallis test is applied in order to test whether the 
issuance success rates differ between the different groups of projects. 
Whether no other factor determines the difference in issuance success between the two 
groups is then analysed.  
The factors chosen are those that have been identified in the literature to have an 
impact  on  the  project  success  (issuance  performance  and  issuance  delay)  (Castro  & 
Michaelowa, 2008; Mayr & Michaelowa, 2008; Cormier & Bellassen, in prep.), such as host 
country, size of project
73, first issuance year, location, registration duration, verifier. 
As often only very few or only one single observation per specification of the possible 
success factors is available, no regressi on or other more sophisticated method is used here. 
                                                                                                                                                          
the groups. If the F-value is larger than the critical F-value, the null hypothesis is rejected by the ANOVA test at 
a confidence level of 1 – alpha. That is, there is at least one group whose mean is different of that of the others. If 
the F-value is smaller than the critical F-value, there is insufficient evidence to reject the null hypothesis at 
significance level alpha. However, the p-value can provide more information. A high p-value (for example, 
higher than 0.05%) indicates that the data is in favour of the null hypothesis; that is, it is likely that all means are 
equal. Otherwise, more data is needed to obtain a clear answer to the question whether all means are equal or 
not. 
73  For  the  determination  of  the  project  size,  we  defined  the  average  size  of  the  sector  to  be  between 
100kCER/year and 250 kCER/year and define as small those that are smaller than the average size; those that are 
defined as big are those that bigger than average size. The measure of the size of a project is kCER average/year 
(see Annex for Histogram).   167 
The  analysis,  therefore,  remains  –  in  some  aspects  –  explorative  and  cannot  deliver 
statistically robust results.  
 
3) Taking into account learning effects 
  Learning effects were shown to play a role for the variable ―abatement costs/CER‖ 
and the issuance success rate. This can be explained by the fact that the CDM community has 
learnt since the early days of the market, when abatement costs were underestimated and CER 
to be generated were overestimated. Whether the fact that some projects were developed later 
than others can explain the observed results rather than the fact that they were developed 
under different contract types has to be analysed.  
  More precisely, this is done by analysing whether the data of the different groups of 
dependent variables is unevenly distributed over the years. If, for example, one contract type 
has been used more often in recent years than another one, the abatement costs/CER for this 
particular contract type may be higher just because at the moment the project was developed 
the CDM community had already learnt from previous experience. 
Furthermore, a comparison of the difference between the abatement costs per CER and 
the issuance success rate between the projects that use different contract times on a yearly 
basis seems necessary. If the analysis is carried out on a yearly basis, learning effects are 
eliminated. 
 
4   RESULTS  
 
4.1   Contractual Arrangements for the CDM Project Development 
 
4.1.1 Ex-ante risk perception by project owner 
 
This section tests whether integrated concessionaires develop the projects that seem to 
be riskier ex-ante as they can bear higher risks since they could internally solve problems due 
to contract renegotiation. 
An  ANOVA-test  shows  that  the  variation  between  the  groups  cannot  explain  the 
overall variation due to strong variations within the groups. The high p-value is in favour of 
the null hypothesis (38%). This result is confirmed by a Kruskal-Wallis test that calculates a 
H-statistic of  2.57 compared to a chi-value of 5.99).   168 
   Equally,  the  three  sub-samples  do  not  differ  in  terms  of  absolute  abatement  costs 
according  to  an  ANOVA  test  carried  out  (p-value:  43%)  This  can  be  confirmed  by  the 
Kruskal-Wallis test (H-statistics of 0.31 compared to 5.99). 
 
Learning effects do not seem to bias these results.  
Figure 42 presents the number of projects registered in one year using one of the three 
contract types. It can be seen that in the early years of the CDM market, four (4) out of six (6) 
projects  were  registered  by  the  landfill  concessionaires.  Since  then,  the  specialised  CDM 
owners have gained ground and the market is now equally shared between them and the 
integrated concessionaires. Only in 2006 integrated concessions have a bigger market share 
than in other years. Management contracts have been rare during the entire period and are not 
included in the following analysis. 
 
Figure 42: Evolution of Number of Projects Developed under Each Contract Type  
(Year of start of public comment period at validation) 
 
Source: calculation by author based on UNEP RISOE pipeline 
 
    It  can be shown that there are no statistically significant  differences  in the 
individual years in which the projects under CDM and Integrated Concessions were submitted 
for public comments (table 4). Management contacts are excluded from the analysis as not 
enough data is available.  
The Kruskal-Wallis-Test has been carried out for those samples that have more than 
five observations. The test seemed necessary as the variances of the data of the groups differ. 
In 2006 and 2007, there seems to be a difference in abatement costs/CER between integrated 
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Table 21 : Results from statistical tests for different contract types and year of public comment 
period 
Summary  2005  2006  2007  2008  2009 
ANOVA 
(alpha=5%) 
No difference;  
p-value: 79% 
No difference;  
p-value: 40% 









(Chi-value: 3.84)  n.a.  Difference; 
H-statistics: 5.18 
Difference; 
H-statistics: 4.12  n.a.  n.a. 
Source: calculation by author, based on UNEP RISOE pipeline 
 
Figure 43 : Learning effect and choice of contracts 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
 
4.1.2 Project success 
 
  Management contracts perform rather poorly. All of them are classified as lagging 
behind. CDM concessions seem to perform slightly better than integrated concessions. Sixty-
eight percent (68%) of the projects developed under an integrated concession have issued 
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Figure 44: Project Success of Different Contract Types 
 
Source: author, based on UNEP RISOE pipeline 
 
  The issuance success rates of the integrated concessions and CDM concessions do not 
differ statistically. ANOVA calculates a p-value of 79%. The result is confirmed by a 
Kruskal-Wallis-Test (H-statistics of 0.4 against chi-value of 3.84). 
 
  As far as the learning effects are concerned, it is difficult to draw any conclusions due 
to very limited data. No obvious trend seems to bias the results though (Figure 45). 
Figure 45 : Learning Effects and Issuance of Projects with different Contract Types 
 
Source: author, based on UNEP RISOE pipeline 
 
4.2  Make-or-Buy Decisions along the CDM value chain 
 
  After having analysed the contractual structures between the municipal landfill owners 
and external project owners for the development of the CDM project, now the outsourcing 
decision along the CDM value chain is scrutinized.  
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4.2.1   Bundling or unbundling of the CDM value chain 
4.2.1.1 Ex-ante risk perception by project owner 
The relative riskiness of projects that have integrated the whole CDM value chain is 
compared against those that have outsourced at least one element of the CDM value chain 
(PDD development, technology provision, CER selling).  
There is no statistical significant difference between the two groups in terms of means 
of  abatement  costs  per  CER.  This  has  been  calculated  by  ANOVA  (p-value:78%)  and 
Kruskal-Wallis (H statistics: 0.42 compared to a chi-value of 3.84). 
An ANOVA has also been carried out for the absolute abatement costs and found a p-
value of 3%, which may indicate that the null hypothesis can be rejected. However, as the 
variances between the two groups differ widely, an additional Kruskal-Wallis test was carried 
out that indicates that the null hypothesis (h-statistics of 0.545 against a chi-value of 3.841) 
cannot be rejected. 
 
  Learning effects do not seem to play a role. In fact the relative share of  projects that 
unbundled  the  CDM  value  chain  did  not  change  significantly  and  consistently  overtime 
(Figure 46). 
 
Figure 46: Evolution of Number of Projects that Bundle or Unbundle the CDM Value 
Chain 
 
Source: calculation by author based on UNEP RISOE pipeline 
 
No definite results can be found when the two groups of projects are compared on a 
yearly basis due to limited data. To carry out a Kruskal-Wallis test at least 5 observations are 
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Figure 47 : Learning effects and (un)bundling of CDM value chain 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
Table 22 : Results from statistical test for (un)bundling of CDM value chain 
Summary  2006  2007  2008  2009 
ANOVA (alpha= 5%)  No difference;  
p-value: 82% 




No difference;  
p-value:8,5% 
Source: calculation by author, based on UNEP RISOE pipeline 
4.2.1.2 Project success 
 
  There is no difference in performance between the projects that integrate the CDM 
value chain and those that outsource the CDM value chain.  
Roughly 30% of the projects of both groups are classified as lagging (see Figure 48)
74. 
  As far as the issuance success rates of those projects that have issued credits are 
concerned, no difference between the two groups is found either. ANOVA calculates a p -
value  of 45%. Also the Kruskal -Wallis does not allow rejecting the null hypothesis (H -
statistics of 0.5 against a chi-value of 3.84). 
 
                                                 
74 Here and in the following analysis, the management contracts are excluded from the analysis as they have 
already been identified as having little success and the ownership structures are very different, which makes 
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Figure 48: Project Success of Projects that Bundled or Unbundled the CDM Value 
Chain 
 
Source: author, based on UNEP RISOE pipeline 
 
  Learning effects may play a role as projects that unbundled the CDM value chain and 
issued credits have been submitted for public comments most of the time in 2006. However, 
there is not enough data to carry out a more systematic analysis of the impact of learning 
effects on the results 
Figure 49 : Issuance Success, Learning effects and (un)bundling of CDM value chain 
 
Source: author, based on UNEP RISOE pipeline 
 
4.2.2   Make-or-Buy of Technology Provision 
4.2.2.1 Ex-ante risk perception by project owner 
 
  The hypothesis to be tested is that technology is outsourced when the abatement costs 
per CER are low, as these projects are less risky. In case of unforeseen problems, contract 
renegotiation and related cost overruns have less impact on the project success. 
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No statistically significant difference between the means of abatement costs per CER 
between the groups can be found. The very high p-value of 0.59 indicates that all means are 
likely to be equal.  
 
Learning effects do not seem to play a role. In fact the relative share of projects that 
internalised the technology provision did not change significantly and consistently overtime 
(Figure 50).  
Figure 50: Outsourcing of Technology Provision over Time 
 
Source: author, based on UNEP RISOE pipeline 
 
  A comparison of the abatement costs/CER between the two groups of projects on a 
yearly basis shows that the results hold true (Figure 51; Table 23). However, the data set is 
limited and no Kruskal-Wallis test can be carried out for 2005, 2006, 2008 and 2009 as less 
than 5 observations are available per group. 
Table 23 : Results from statistical tests for technology provision 
Summary  2005  2006  2007  2008  2009 
ANOVA 
(alpha=5%) 
No difference;  
p-value: 72% 
No difference;  
p-value: 74% 
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Figure 51 : Learning effect and Outsourcing of Technology Provision 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
   
Figure 52 : Absolute Abatement Costs and Outsourcing of Technology Provision 
(Whisker Plot) 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
  There  are  also  some  interesting  observations  to  be  made  regarding  the  absolute 
abatement costs
75. 
                                                 
75 As it is only the private international project owners that provide their own technology to CDM projects, it 
made also sense to look separately at this group of project owners. Data on abatement costs per CER was 
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  ANOVA (Table 24) calculates a p-value of 2% and an F-value higher than the critical 
F-value. One may be tempted to reject the null hypothesis. The Kruskal-Wallis-test confirms 
that there is a difference between the two groups regarding the absolute abatement costs (H-
statistics of 10.028 against a chi-value of 3.841). 
Table 24 : Absolute Abatement Costs and Outsourcing of Technology Provision 
(ANOVA-table) 
SUMMARY           
Groups  Count  Sum  Average  Variance 
 
Integration of 
Engineering/Construction/Technology  15  80.65  5.38  36.83 
Engineering/Construction/Technology 
outsourced  36  96.17  2.67  3.73 







Mean Square  
of Sums 
(MS) 
F-value  P-Value  Critical  
F-Value 
Between groups  77.48  1  77.48  5.88  0.019  4.04 
Within groups  646.0426  49  13.18       
Total  723.5206  50             
Source: calculation by author, based on UNEP RISOE pipeline 
   
4.2.2.2 Project success 
 
  It seems that ex-post those projects that have integrated the technology provision can 
be  classified  as  being  more  successful.  Eighty-four  percent  (84%)  of  these  projects  have 
issued credits, against 63% of those that have outsourced the technology.  
Figure 53: Success of Projects that Integrated or Outsourced Technology Provision 
   
Source: calculation by author, based on UNEP RISOE pipeline 
 
  As  far  as  the  difference  in  the  issuance  success  rates  between  the  two  groups  is 
concerned, the null hypothesis that the two groups are equal can be rejected with a probability 
of 93% as calculated by ANOVA (see Figure 54). The result is confirmed by the Kruskal-
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Wallis test. Interestingly, the projects that have higher issuance rates are those projects that 
have outsourced the technology (see Figure 55). 
Figure 54 : ANOVA – Issuance Success Rates Outsourcing of Technology  
SUMMARY             
Groups  Count  Sum  Average  Variance     
Technology outsourced  14  9.553539  0.682396  0.403665     
Technology integrated  15  5.193144  0.34621  0.111476     
             
             
ANOVA             
Source of Variation  SS  df  MS  F  P-value  F crit 
Between Groups  0.818428  1  0.818428  3.245674  0.08279  4.210008 
Within Groups  6.808312  27  0.25216       
             
Total  7.62674  28             
Source: calculation by author, based on UNEP RISOE pipeline 
 
 
Figure 55 : Issuance success rates of projects that integrate or outsource technology 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
 
  Learning  effects  may  play  a  role  in  the  sense  that  the  majority  of  projects  that 
outsource the technology and issued credits were developed in 2006 (Figure 56). However, no 
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Figure 56 : Issuance Success, Learning Effect and Outsourcing of Technology 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
4.2.3  Make-or-buy of PDD development 
4.2.3.1 Ex-ante risk perception by project owners 
 
    The null hypothesis that the abatement costs/CER are equal for the projects that 
outsource the PDD development and those that do not cannot be rejected at a confidence level 
of 95%. The p-value is 41% significantly higher than the alpha of 5% chosen. 
  A Kruskal-Wallis test confirms the results (the H statistics of 0.0005 is much smaller 
than the chi value of 3.8415).  
   
Figure 57: Outsourcing of PDD Development According to Year of Start of Public 
Comment Period at Validation 
 
Source: author, based on UNEP RISOE pipeline 
Learning effects do not seem to influence the results in a way that in one year one 
group of projects was dominant. In fact, the market seems to be shared between the two ways 
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  When the abatement costs/CER are compared on a yearly basis it can be shown that no 
difference can be detected between those projects that integrate the PDD development and 
those that outsource it (Figure 58, Table 25). 
 
Figure 58 : Learning effects and outsourcing of PDD development 
 
Source: calculation by author, based on UNEP RISOE pipeline 
Table 25 : Results from statistical tests for PDD development 
Summary  2006  2007  2008  2009 
ANOVA (confidence 
level of 95%) 
No difference;  
p-value: 46% 




No difference;  
p-value: 8,5% 
Kruskal-Wallis-Test 




n.a.  n.a. 
  Source: calculation by author, based on UNEP RISOE pipeline 
 
  The  influence  on  absolute  abatement  costs  on  the  decision  to  outsource  the  PDD 
development has been analysed as well. No statistically significant impact was found (the p-
value is 77%, the H-statistic is 0.3). 
 
4.2.3.2 Project success 
 
  The projects that integrate and outsource the PDD development do not differ in terms 
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Figure 59 : Project Success of Projects that Outsource or Integrate the PDD Development 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
  No statistical significance between the issuance success rates of the two groups could 
be found either. ANOVA calculates a p-value of 60% and Kruskal-Wallis an H-statistics of 
0.035. 
  Learning  effects  may  play  a  role,  but  there  is  not  sufficient  data  to  carry  out  a 
systematic analysis. 
Figure 60 : Issuance Success, Learning Effects and Outsourcing of PDD 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
4.2.4 Financial risk sharing through partnerships 
4.2.4.1 Ex-ante risk perception by project owner 
 
  The variables abatement costs/CER and absolute abatement costs cannot explain the 
choice of the point in time when an ERPA is chosen. ANOVA calculates p-values of 52 % for 
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the abatement costs/CER and 26% for the abatement costs. The Krukal-Wallis test also does 
not allow rejecting the null hypothesis.  
  Learning effects may play a role. The projects for which an ERPA was signed after 
registration dominate in the years 2008 and 2009. However, not enough data for the other 
categories is available on a yearly basis to compare the categories systematically.  
Figure 61 : Learning effects and Setting up of ERPA 
 
Source: calculation by author, based on UNEP RISOE pipeline 
 
4.2.4.2 Project success 
 
  Those projects that sold their credits after issuance have all been successful. Those that 
sell them before or after registration seem to perform well with success rates of over 60%. For 
the projects that signed no ERPA not enough data is available.  
Figure 62 : Project Success and Selling of ERPA 
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  In terms of issuance success rate there is no evidence at all that the null hypothesis that 
all means of the groups are equal could be rejected. ANOVA calculates a p-value of 92%, 
while Kruskal-Wallis calculates an H-statistic of 0.003. 
  As far as learning effects are concerned the data is too differently distributed between 
the groups and the years, so that no analysis is possible (Figure 63). 
Figure 63 : Learning Effect, Issuance and Moment ERPA is signed 
 
 
4.3 The Specialisation of Market Actors 
 
  4.3.1 Ex-ante risk perception by project owner 
  The  null  hypothesis  that  the  three  groups  are  equal  can  be  rejected  at  a  level  of 
confidence of 99% (see Table 26).  There is a significant difference between at least two of 
the three groups in terms of the abatement costs/CER. 
 
Table 26: Nature of Project Owner and Abatement Costs/CER (ANOVA-table) 
SUMMARY         
 
Groups  Count  Sum  Average  Variance 
International private  18  64.70  3.56  5 
Local private  23  60.62  2.64  4 
Municipal project owner  11  60.27  5.48  12 
 









of Sums (MS)  F-value  P-Value 
Critical 
F-Value 
Between groups  60.19  2  30.0956  5.1194  0.00957  3.187 
Within groups  288.06  49  5.8787       
Total  348.25  51             
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Figure 64: Nature of Project Owner and Abatement Costs per CER (Whisker plot) 
 
Source: calculation by author, based on UNEP RISOE pipeline  
 
 
The Whisker plot (figure 33) seems to show that the abatement costs per CER of the 
projects developed by the municipalities are higher than the abatement costs per CER of the 
projects developed by the international and local private companies.  
 
Figure 65: Market Penetration of International and Local Private Companies and 
Municipalities as Project Owners 
 
Source: calculation by author based on UNEP RISOE pipeline 
 
International project owners have been largely dominating the sector between 2003 
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portfolio.  Municipalities  have  a  stable  but  small  market  share  over  the  years.  The  three 
models co-exist. No model seems to be preferred as the market matures (except for the year 
2006).  This  indicates  that  learning  effects  may  bias  the  results  only  in  a  limited  way. 
However,  the  results  that  municipalities  finance  the  projects  with  the  highest  abatement 
costs/CER cannot be validated on a yearly basis. Nevertheless, in 2008 and 2009 there are 
significantly statistical differences in abatement costs/CER between the groups (Table 27) at 
confidence levels of more than 90%. In combination with Figure 66, there may be some weak 
indication that in these two years the municipalities financed the projects with the highest 
abatement cots/CER. As it is assumed that all project owners learnt equally fast as the CDM 
markets matured, it may be concluded that these projects were evaluated to be risky by the 
PDD developers. 
 
Table 27 : Results Statistical Tests for Nature of Project Owner 





No difference;  
p-value: 89% 




No difference;  
p-value:8,5% 
Source: calculation by author, based on UNEP RISOE pipeline 
 
Figure 66 : Learning Effects and Nature of Project Owner 
  Source: calculation by author, based on UNEP RISOE pipeline  
 
 
For  the  absolute  abatement  costs,  the  ANOVA  calculates  a  p-value  of  7%,  which 
means that the null hypothesis can be rejected at a level of confidence of 93% (see in Annex). 
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international and municipal companies are similar and that the local project owners finance 
the smallest projects in terms of absolute abatement costs (Figure 67).  
Figure 67 : Nature of Project Owners and Absolute Abatement Costs (Whisker Plot) 
 
Source: calculation by author based on UNEP RISOE pipeline 
4.3.2 Project success 
 
  International  project  owners  outperform  the  local  and  municipal  project  owners. 
Eighty-one (81%) of the projects developed by international companies have issued credits as 
compared to 61% of the local companies and 29% of the municipal companies (Figure 68).  
Figure 68 : Performance of Projects owned by Local, International and Municipal 
Companies 
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  Whether other factors determine the project success within those three groups, such as 
the  first  year  of  issuance,  the  host  country,  the  project  owner,  the  project  size,  was  also 
verified. Some pattern could only be observed for the host country and the project owner. 
Several  observations  were  available  only  for  Argentina,  Brazil  and  Chile.  In  Brazil  local 
projects seem to have encountered particular difficulties. Sixty percent  (60%) are lagging 
behind,  whereas  none  of  the  international  projects  lags  behind.  In  Chile,  no  project  lags 
behind and in Argentina no pattern can be observed.  
  In  terms  of  the  issuance  success  rates,  only  the  international  and  local  actors  are 
compared  as  only  two  observations  are  available  for  the  municipalities.  There  is  no 
statistically significant difference between the two groups. However, the p-value is relatively 
low with 13%. As the Kruskal-Wallis test allows rejecting the null hypothesis with an H-
statistics of 7.6 compared to a chi-value of 3.84, there seems to be evidence that there is a 
difference between the international and local owners. It seems that the local owners achieve 
higher issuance success rates on average (see Table 28).  
Table 28 : ANOVA- Issuance success rates of international and local actors 
SUMMARY             
Groups  Count  Sum  Average  Variance     
International  21  5.326092  0.253623  0.100846     
Local  18  8.922367  0.495687  0.422347     
             
             
ANOVA             
Source of 
Variation  SS  df  MS  F  P-value  F crit 
Between Groups  0.567919  1  0.567919  2,28481  0.139141  4.105456 
Within Groups  9.196822  37  0.248563       
             
Total  9.76474  38             
Source: calculation by author, based on UNEP RISOE pipeline 
4.4 Specialisation of project owner and outsourcing decision 
   
  In the following it will be analysed whether the results old true if the specialisation 
effect is controlled for. Specialisation and learning effects cannot be tested at the same time 
for all independent variables due to sometimes small sample sizes. 
 
4.4.1 Specialisation and contractual arrangements 
 
The  results  for  contractual  arrangements  may  change  if  the  nature  of  the  project 
owners  is  taken  into  account.  International  private  companies  most  often  use  the  CDM-
concession contract type (23/33). In the 10 remaining cases, international private companies   187 
have opted for the integrated-concession model. These cases all involve local subsidiaries that 
are part of an international group and that already operate the local landfills. Companies have 
usually one dominant strategy and usually operate under the same contract type. 
  Local  private  companies  (only  active  on  their  local  market)  use  rather  ―integrated 
concessions‖ (16/27) instead of CDM concessions. International companies are more often 
specialized, whereas local companies are already operating a landfill and see the CDM as an 
opportunity to improve their landfills (Figure 69). 
 
Figure 69: Contracts Used in CDM Projects Owned by International and Local Private 
Companies as well as Municipalities 
 
   
Source: based on UNEP RISOE pipeline, classifications by author 
 
4.4.1.1 Ex-ante risk perception by project owner 
     In terms of the ex-ante risk perception by project owners, there seems to be a 
difference between local and international CDM and integrated concession contracts. At a 
confidence level of more than 95%, the null hypothesis that there is no difference between 
any of these four groups can be rejected (Table 29). The international CDM concessions are 
used for the most-risky projects.  
  A  Kruskal-Wallis  test  does  not  allow  rejecting  the  null  hypothesis.  However,  the 
calculated H-statistics of 7.1 is very close to the reference chi-value of 7.81. 
  Municipal companies are not included, as the results are biased by the group of only 
two municipal CDM concessions that have average abatement costs of 7USD. They render 
the overall group statistically significantly different from the other groups.  
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Table 29 : International and Local Concession Contracts and Abatement Costs per CER 
(ANOVA-Table) 
SUMMARY             
Groups  Count  Sum  Average  Variance     
International CDM 
concession  11  49.707  4.519  5.377     
Local CDM concession  11  31.572  2.87  4.239     
International integrated 
concession  7  14.995  2.14  1.051     
Local integrated concession  12  29.044  2.42  3.861     
             
ANOVA             
Source of variation   SS   df   MS  F- value  P-Value 
critical F-
Value 
Between groups  34.612  3  11.537  2.9454  0.04544  2.8588 
Within groups  144.931  37  3.917       
             
Total  179.543  40             
Source: calculation by author, based on UNEP RIOSE pipeline 
     
  Learning effects may bias the results. Local integrated concessions were in particular 
developed in 2006 where the estimation of abatement costs/CER were rather low compared to 
later years. Any further analysis seems not necessary as the sample sizes are extremely small. 
An analysis of absolute abatement costs shows that there is no statistically significant 
difference at a confidence level of 95%, but at a level of 89% according to ANOVA. Based on 
a Kruskal-Wallis test the null hypothesis cannot be rejected either (H-statistics of 0.31 against 
a Chi-value of 5.99).  
 
4.4.1.2 Project success 
 
The  specialisation  of  the  project  partners  seems  to  have  an  impact  on  the  project 
success (see Figure 70). 
International CDM concessions seem to be ex-post the less risky ones. Only 8% of the 
projects are lagging behind. Local integrated concessions are the most successful ones among 
the  projects  developed  by  local  private  actors.  Only  27%  of  these  projects  lag  behind 
compared to 57% of the projects developed under a CDM concession.   189 
Figure 70: Project Outcomes of Different Contract Types and Nature of Project 
Owner 
 
Source: calculations by author, based on UNEP RISOE pipeline 
   
  The project size, first issuance year and host country do not seem to determine the 
performance of the different groups. The project owners who always choose the same type of 
contract also often achieve the same results for their projects.  
  As far as the difference in issuance success between the groups is concerned, there 
seems to be no statistically significant difference between the four groups (p-value calculated 
by ANOVA: 13%). The differences variances between the groups are also large (between 
0.005 and 1.6). A Kruskal-Wallis test cannot be carried out as for one of the groups not 
enough data is available. Also for a lack of data, learning effects cannot be taken into account. 
 
4.4.2 Specialisation and (un)bundling of CDM value chain 
Only international project owners have the capacity to integrate the whole value chain 
and they have done so for the majority of their projects. Local private project owners and 
municipalities always unbundle their CDM value chain (Figure 71). No further analysis to 
take into account the specialisation effects is needed. 
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Figure 71: Number of Projects that Bundle or Unbundle CDM Value Chain According 
to Different Project Owners 
 
Source: classification by author, based on UNEP RISOE pipeline 
 
4.4.3 Specialisation and make-or-buy of technology 
    Local companies make use of this option as they do not have the know-how 
and  need  technology  transfer  from  developed  countries  (North-American,  European  and 
Japanese technology providers are active in the sector). Municipal CDM project owners also 
need to contract with external (international) technology providers. Only international private 
companies can internalise the technology provision. They provide the technology themselves 
in 28 out of 32 cases (Figure 72). No further analysis to take into account the specialisation 
effects is needed. 
 
Figure 72: Number of Project Owners that Outsource Technology 
 
Source: author, based on UNEP RISOE pipeline 
   
4.4.4 Specialisation and make-or-buy of PDD 
  In  nearly  half  of  the  cases,  international  actors  preferred  to  outsource  the  PDD 
development.  In three  cases  local  private  companies  developed the PDD ―in-house‖. The 
municipal companies may not have enough know-how to develop a PDD for their projects. 
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  As can be seen in Figure 73, the shares of projects that outsource and internalise the 
PDD development have been constant over the years, approximately 70%. Only in 2010 was 
the market divided between those projects that outsourced and those that integrated the PDD 
development. 
 
Figure 73: Number of Project Owners that Outsource the PDD Development 
 
Source: author, based on UNEP RISOE pipeline 
 
4.4.4.1 Ex-ante risk perception by project owner 
  There seems to be no difference in terms of abatement costs/CER between the 
international project owners who outsource or integrate the PDD development and the local 
owners who outsource or integrate the PDD development (p-value calculated by ANOVA: 
50%, H-statistics: 0.54). 
  There is also no statistical evidence that allows to reject the null hypothesis that there 
is  no  difference  between  absolute  abatement  costs  between  the  different  groups  (p-value 
calculated by ANOVA: 16% and H-statistics of 2.5). 
  Learning effects cannot be tested due to a too small sample size. 
 
4.4.4.2 Project Success 
 
  As far as the project success is concerned, it seems that international and local project 
developers generate credits in more cases where they outsource the PDD development. There 
is  not  enough  data  on  local  project  owners  that  outsource  the  technology.  International 
developers seem to be more successful in general.  
  There seems to be significant difference in the issuance success rates between the 
three groups: local owners that outsource the PDD development, international owners that 
integrate and outsource. ANOVA calculates a p-value of 5%, Table 30, and Kruskal-Wallis 
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Figure 74 : Project Success, PDD Development and Specialisation  
 
Source: author, based on UNEP RISOE pipeline 
Table 30 : ANOVA : Make-or-buy of PDD and nature of project owner 
SUMMARY           
Groups  Count  Sum  Average  Variance     
international owner 
outsources PDD  6  0.9650  0.1608  0.0102     
local owner outsources 
PDD  9  7.4086  0.8231  0.4895     
international owner 
integrates PDD  10  4.3071  0.4307  01448     
             
             
ANOVA             




den Gruppen  1.6768  2  0.8384  3.499  0.0479  3.443 
Innerhalb der Gruppen  5.2711  22  0.2395       
             
Gesamt  6.9480  24             
Source: author, based on UNEP RISOE pipeline 
 
  Due to a small sample size, learning effects and specialisation effects cannot be tested 
here together. 
 
4.4.5 Origin of Project Owner and Setting up of ERPA 
 
4.4.5.1 Ex-ante risk perception by project owner 
 
    The  means  of  abatement  costs/CER  and  absolute  abatement  costs  were 
compared separately for local  project  owners and international  project  owners to  identify 
differences in their strategies to set up ERPAs earlier or alter. For the null hypothesis that the 
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abatement costs/CER are equal between those projects for which ERPA are signed before 
registration, after registration, after issuance and for which no ERPA is signed have equal 
means  cannot  be  rejected  for  international  project  owners  according  to  ANOVA. 
Unfortunately not enough data is available to carry out a Kruskal-Wallis test. For the local 
owners  the  null  hypothesis  can  be  rejected  at  a  confidence  level  of  93%.  However,  the 
variances vary between 0.03 and 2.9 and the data is not sufficient to carry out a Kruskal-
Wallis test. 
  The  analysis  was  carried  out  for  the  absolute  abatement  costs  and  no  statistically 
different could be found – neither for the local not the international owners (p-value of 46% 
and 28% respectively). 
 
4.4.5.2 Project Success 
 
Figure 75 : Project Success, ERPA and Nature of Project Owner 
 
Source: author, based on UNEP RISOE pipeline 
 
  As far as the success is concerned, some interesting observations can be made. The 
international and local projects that signed ERPA after the issuance are all successful. Projects 
that sign ERPAs before registration are also relatively successful: 75% of the local projects 
that chose this strategy and 90% of the international ones. 
  The comparison of the issuance success rate leads to no statistically significant results- 
neither for the local no the international project owners (ANOVA: p-values are 92% and 
73%).  
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5 DISCUSSION 
 
  5.1 Contractual arrangements for the CDM project development 
 
  No statistically significant result could be found, except that management contracts do 
not  seem  to  be  successful.  All  of  the  projects  developed  under  this  type  of  contract  are 
classified as lagging behind. This can be explained by the fact that contractual structures are 
very complex. Additional partners have to be chosen through a public tender, which takes 
time. 
The  international  CDM  concessions  are  used  for  the  most-risky  projects.  This  result  is 
contrary to the theory that predicts that integrated concession can better manage risks. Most 
likely the specialisation effect outweighs the integration effect. 
Interestingly,  local  project  owners  seem  to  handle  integrated  concessions  better, 
whereas  international  project  owners seem  to  be more successful  under CDM concession 
contracts.  A  possible  explanation  could  be  that  local  companies  can  make  use  of  their 
competitive  advantage  (their  knowledge  of  local  context  and  particularities)  through 
integrated  concession  contracts,  whereas  international  companies  can  make  use  of  their 
particular  advantage  (related  to  their  experience  and  capacity  to  standardise  the  project 
development) through CDM concession contracts. 
  Further research would be necessary in order to investigate whether contractual risk-
sharing  mechanisms  between  partners  can  explain  that  CDM  concessions  developed  by 
international actors seem more successful than CDM concessions developed by local actors. 
 
5.2 (Un)bundling of CDM value chain 
 
  It can be concluded from the above results that absolute integration of the CDM value 
chain is not regarded by project owners as a way to mitigate CDM project risks ex-ante. Also 
ex-post,  total  integration  does  not  seem  to  deliver  better  results  than  the  outsourcing  of 
elements of the value chain.  
  This is not in line with what has been reported in interviews. In fact, actors who do in 
some cases integrate the whole value chain, such as Bionersis and Veolia, claimed that it was 
an important success factor (Vidaillet, 2011; Bondois, 2011).  
 
5.3 Make-or-buy of technology 
 
  The bigger projects in terms of absolute abatement costs are more likely to be financed 
by  companies  that  integrate  the  technology  provision.  These  are  always  international   195 
companies, which can better diversify risks and provide up-front financing through internal 
financing. It can be assumed that these companies are able to better manage the risks because 
they are more experienced. They can also diversify the risks over their large portfolio of 
projects. 
  The projects that integrate the technology provision seem also more successful than 
those projects that outsource this task to an external company as they lag behind less often. 
This means that they run less often in difficulties and manage to issue credits. Outsourcing of 
the technology to an external partner, problems seem to be a factor that can explain delays in 
issuance.  
  In most PDDs or in the other sources used for this study, no indication was found that 
the technology provider was further involved in the project. In these cases, it can be assumed 
that he leaves after the technology is installed without taking much further responsibility for 
what  happens  on  the  landfill.  In  that  case,  the  incentives  to  provide  the  best  possible 
technology  for  the  particular  local  conditions  and  to  provide  assistance  to  the  project 
afterwards are weak. This may explain the observed results. 
  Even though the statistical evidence is weak, if a project is up and running, projects 
that use the technology of an external technology provider seem to perform better than those 
projects  that  integrate  the  technology  provisions.  The  number  of  credits  issued  does  not 
depend on whether the technology has been bought or provided internally. Other factors, such 
as the operational capacity, the set up of the monitoring system etc., may be more decisive 
factors. 
  There is  one project  where the  technology provider (Waste  Management  NZ) also 
prepares the PDD for the project and therefore is more involved in the project than in cases 
where the technology is simply sold to the project owner. This project happens to outperform 
the other projects analysed in terms of issuance success.  
  If more data were available, the analysis could be deepened. A case-study analysis 
could help to further investigate the exact modalities of the technology provision in different 
cases.  
 
5.4 Make-or-buy of PDD development 
  The relative riskiness of the projects does not seem to have an impact on the project 
owner‘s decision whether or not to outsource the PDD development. The project owner does 
not seem to prefer to integrate, even though he could then more quickly react in case a review 
is needed or monitoring procedures have to be modified. 
  Ex-post, the decision to integrate or outsource the PDD development does not seem to 
have an impact on the project success.    196 
  The Project Design Document (PDD) contains the project evaluation, as well as the 
monitoring procedures, that are necessary for the formal project registration by the CDM 
Executive Board. The CDM registration procedures have become steadily more complex over 
the last few years (Mayr & Michaelowa, 2008). It may, therefore, make sense for the project 
owners to delegate this task to specialized consultants. At the same time, the investments in 
PDD  are  highly  specific  and  partnership  risks  can  arise.  It  can  be  assumed  that  high 
transaction costs and risks for the project owner are attached to the fact that the PDD has to be 
revised and that the monitoring procedures are not precise enough in case problems occur 
during the operational period. 
  The finding that the outsourcing of the PDD development does not have an impact on 
the project success is contrary to what was observed by Castro & Michaelowa (2008) as well 
as Mayr & Michaelowa (2008). Their analysis of a sample of projects from all CDM sectors 
shows that projects for which the PDD had been developed in-house performed much better 
than those projects for which an external consultant was hired. This is explained by the fact 
that  the  PDD  defines  monitoring  procedures  that  have  to  be  put  in  place  by  the  project 
developer when the consultant has already left. Good training of the operative staff and the 
presence of the PDD developer also after the project has been commissioned is regarded as 
important (Castro & Michaelowa, 2008). This has also been reported in interviews conducted 
for the present study (notably Vidaillet, 2011 and Schmidt-Traub, 2011). This problem seems 
particularly important in the landfill gas-flaring sector, as the technical- and administrative-
monitoring procedures are very sophisticated. 
  The reason why these partnership problems in short-term contractual arrangements 
with  PDD  consultants  are  observed  on  the  ground,  but  are  not  reflected  in  the  results 
presented above, could be due to contractual arrangements that have been put in place to 
mitigate  these  partnership  risks.  The  analysis  by  Bancal  et  al.  (2010)  suggests  that  such 
contracts can stipulate that part of the remuneration dependent on registration success (the 
other part may be paid as a lump sum). One part of the remuneration can also be linked to the 
selling of carbon credits. Alternatively, risks of cost overruns in preparing the PDD (due to 
necessary reviews, administrative delays, and so forth) may be supported by the consultant.  
    As reported in interviews and in the literature that it does matter whether the 
consultant is implicated in the project on a longer-term basis, it is likely that contractual 
structures are used that imply risk-sharing measures in order to make the consultant support 
the  risk  attached  to  his  responsibility.  Unfortunately,  no  data  is  available  to  test  this 
empirically. Case studies could help to deepen the analysis.   
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  5.5 Financial risk sharing through partnerships 
  The decision to set up an ERPA (even though it is likely to be explained by a risk 
management rationale) does not depend on the ex-ante riskiness of the projects as perceived 
by  the  project  owner.  External  risk  factors,  such  as  country  risks  etc.  may  play  a  more 
important role for international companies. For the local companies there is some very weak 
evidence that the unilateral projects that set up an ERPA after issuance are the least risky 
projects. The decision to do a unilateral project instead of a bilateral one may therefore be 
explained by the riskiness of the projects. However, more data is needed to have more robust 
results.  
 
5.6 Specialisation of project owner 
  The hypothesis that specialised companies finance the riskier projects ex-ante cannot 
be confirmed. The riskier projects seem, in fact, to be financed by the municipalities, the least 
specialised actors. This may be an indication that the public actors develop the riskier projects 
as they fill a gap in those cases where the private sector is not interested in taking on the 
project risks.  
  As far as the absolute abatement costs are concerned, the projects developed by the 
international  companies  do  not  seem  to  differ  much  from  the  projects  developed  by 
municipalities. Therefore, it may be concluded that as far as up-front financing is concerned, 
the international companies are willing to take on risks. This can be explained by the fact that 
the international  companies  can take on more risks  as  the loss would be relatively small 
compared to the overall assets of the company. 
   The projects owned by international project developer are more likely to issue credits, 
while local project owners achieve higher issuance rates if only the successful projects are 
looked  at.  This  shows  that  those  local  project  developers  that  are  successful  during  the 
construction phase and get the project through the CDM cycle outperform. The international 
owners more often complete the CDM project cycle but have only limited success in the 
issuance of CER. 
 
  5.7 Other factors that have an impact on the project success 
 
  Partnership structures seem to have an impact to some extent on the project success. 
Other factors that have an impact are technical factors that have been identified in recent 
studies that were carried out in order to analyse the reasons for generally poor performance of 
CDM projects in the landfill gas flaring sector.    198 
SCS  Engineers  (2007)  and  Terraza  &  Willumsen  (2009)  find  that  the  estimation  of  the 
landfill‘s potential methane production was based in the early years on models developed for 
US landfills. However, as developing country waste is richer in food waste and moisture 
content, it decays faster and generates less methane. Also, poor operation and construction 
can have a negative impact on the emission reduction potential of landfills. 
 
6 CONCLUSIONS 
   
  Whether vertical integration of activities that are associated with the operation of an 
existing landfill and the activities of setting up an add-on CDM project that allows capturing 
and flaring landfill gas can help project owners manage risks ex-ante and be more successful 
ex-post was analysed empirically in this chapter.  
    Three broad contractual arrangements that stipulate the sharing of risks and 
responsibilities between the landfill owner and operator as well as CDM project developer 
could  be  identified.  Either  the  landfill  operator  or  a  specialized  CDM  project  developer 
finances and operates the CDM project. A third option is that the municipality finances the 
CDM project and delegates building and operation to different private-service providers. The 
choice of one of these arrangements does not seem to depend on the relative riskiness of the 
projects.  In  terms  of  project  success,  the  last  option  seems  to  take  more  time,  while  no 
difference could be found between the first two options.  
Local  project  owners  seem  to  operate  the  CDM  project  more  successfully  if  they 
operate the landfill at the same time, whereas international project owners seem to be more 
successful if they are only in charge of the CDM project. A possible explanation could be that 
local companies can make use of their knowledge of local context and particularities, while 
international companies benefit from their experience and capacity to standardise the CDM 
project development. 
    There is some evidence that the integration of the technology provision allows 
the CDM project developer to provide higher up-front financing and to be more successful ex-
post. As these project owners are always international companies, it may be concluded that 
the  integration  of  the  technology  provision  is  one  of  their  success  factors,  besides  their 
experience. Neither the fact that international companies are able to integrate the entire CDM 
value chain nor the fact that they can integrate the CER selling and more often develop the 
PDD development ―in-house‖ than municipal or local private companies can explain their risk 
bearing or the success of their projects.   199 
  The outsourcing of the PDD development may often imply risk-sharing measures with 
the external consultants, which can explain why outsourcing of the PDD development leads to 
results similar to its integration. For the technology provision, however, no indication could 
be found in the analysed documents that risk-sharing measures had been put into place. Some 
long-term partnerships between a CDM project developer and a technology provider seem to 
exist in the sector. They were not specifically taken into account in the present analysis, due 
to their limited number, but could be further analysed in case studies. 
  The results formulated above are indicative. The sample used for the present analysis 
is  too  small  to  draw  definitive  conclusions.  In  order  to  determine  whether  the  identified 
contractual structures and outsourcing decisions of CDM project owners have a statistically 
significant impact on the project success, a more-profound statistical analysis (for example, 
based on a correlation matrix like the one developed by Cormier & Bellassen, in prep.) on a 
larger data set would be necessary.  
  Chapter IV of this dissertation analyses contractual risk-sharing arrangements and the 
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Annex 
Annex 3 : Histogram-Project Size of all 75 Landfill Gas-Flaring Projects According to Average 
kCER/year 
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1   INTRODUCTION 
 
The  development  of  low-emission  urban  infrastructure  projects  is  an  important 
element of the global fight against climate change. Carbon-offset mechanisms, such as the 
Clean Development Mechanism (CDM), have been implemented that allow project owners to 
generate additional revenues for every ton of reduced greenhouse-gases (GHG). The climate 
risks are, therefore, transferred to the project owner and create economic incentives to reduce 
greenhouse-gas  emissions  effectively.  However,  in  practice,  CDM  projects  are  often 
developed  by  partnerships  that  involve  public  and  private  actors.  Risks,  rents  and 
responsibilities  regarding  the  greenhouse-gas  emission  reductions  are  shared  between  the 
actors, which may lead to a dilution of incentives to reduce greenhouse-gas emissions for 
every single actor.  
If  private  financial  resources  are  to  be  attracted  for  these  projects,  contractual 
arrangements that stipulate the sharing of risks, rents and responsibilities can help reduce 
uncertainties for the  private sector and allow limiting the partnership risks  to  which it  is 
exposed. 
The objective of this paper is, therefore, to analyse different partnership structures in 
Clean Development Mechanism projects developed in the landfill gas-flaring sector in order 
to identify incentive problems that are inherent to partnership structures. The relationship 
between the municipality as the operator of a landfill or its private landfill operator and the 
developer of the CDM project is analysed. Whether contractual structures have an impact on 
the success of the project in terms of reduction of greenhouse-gas emissions by the landfill is 
also investigated.  
This analysis is based on the principal-agent and incentive theory (Laffont & Tirole, 
1993) as well as on a relatively new branch of literature, which can be called ―Economics of 
public-private partnerships‖ (Hart, 2003 and Dewatripont & Legros, 2005).  
Principal-agent theory, as well as the theory of incomplete contracts, have already 
been applied to the waste sector (Dorvil, 2007; Walls et al., 2003; Walls 2003) but to our 
knowledge, neither to CDM projects nor emission-reduction projects in general. 
Even  though  literature  has  drawn  thorough  attention  to  CDM,  public-private 
partnerships developed for projects that are financed under the CDM and underlying risk-
sharing mechanisms have hardly been researched. Clapp et. al. (2010) also analyse public-
private partnerships and risk-sharing arrangements in CDM projects as part of their case-study 
analysis. The authors come to the conclusion that urban authorities have only limited access to 
the carbon markets due to institutional complexity and a lack of capacity. However, in terms   205 
of institutional arrangements between the different partners, the paper raises more questions 
than answers. Furthermore, incentives resulting from certain risk-sharing arrangements are 
not  studied  at  all.  No  systematic  risk  analysis  of  partnership  risks  that  private  project 
operators face is provided.  
Benecke  et  al.  (2008)  focus  on  the  role  of  public-private  partnerships  in  the  very 
beginning of the CDM market. The private sector played, at that stage, the role of the initiator 
of private-sector activity. 
Forsyth‘s (2007) approach is close to the one chosen in the present dissertation. He 
analyses the role of partnerships between investors, state actors, and civil society, based on 
different case studies taken from different CDM sectors. The purpose is to identify successful 
contractual arrangements for technology transfer and the local ―development dividend.‖ He 
finds that partnerships should not be too complex and that the cooperation between investors 
and local actors has to be well designed.  
Forsyth (2005) focuses on the waste sector by analysing case studies on public-private 
partnerships in waste-incineration projects in India and the Philippines. However, the focus of 
the paper is different. The author is interested in the ways civil society can be involved in 
projects financed under public-private partnerships. 
Chapter III  analysed partnership structures of CDM projects in the landfill gas-flaring 
projects, based on a sample of 75 projects. The strategies as to sharing risks and reducing 
transaction costs behind the partnership choices are analysed. It is shown statistically that the 
degree of bundling has an impact on the success of the project.  
In this chapter, three different case studies are presented that compare three different 
contractual structures chosen by CDM project developers and the municipal/private operators 
of  the  landfill  and  identify  incentive  problems  regarding  the  reduction  of  greenhouse-gas 
emission abatement that results from the sharing of rents, risks and responsibilities.  
Whether the different arrangements have an impact on the success of the project and 
can, hence, create additional financial risks to the partners is analysed. 
This article is structured as follows. First of all, the research hypotheses based on the 
respective economic theory and the research methodology are presented. In the following 
step, the institutional settings chosen by the project developers for their respective project 
portfolio are described and compared in terms of rent and risk-sharing arrangements, sharing 
of responsibilities and so forth. 
In  a  subsequent  step,  the  principal-agent-relationship  inherent  in  the  different 
institutional  settings  are  described  and  problems  that  have  been  encountered  in  terms  of 
incentivising all project participants are analysed in order to determine whether they can be 
explained by principal-agent-problems. Individually for every project developer, the problems   206 
that  arise  between  the  partners  that  were  reported  in  the  interviews  are  described. 
Subsequently, a comparative analysis is made to compare the efficiency in terms of emission-
reduction achievements under the different contractual structures and to juxtapose theory and 
empirical evidence. 
  In the last section, the results are discussed critically. Rival explanations are presented 
that could have influenced the success of the project in order to test the robustness of the 
results.  
 
2   HYPOTHESES FORMULATION 
 
The objective of this dissertation is to show that the possibility to generate carbon 
credits does not provide incentives to contribute to emission reductions if risks, rents and 
responsibilities  of  the CDM  project  are  not  clearly  assigned  by  contracts  to  the  different 
partners. If one of the partners deviates from the project objective to reduce greenhouse-gas 
emissions, his action will impact the overall environmental and the success of the financial 
project. 
The  literature  analyses  principal-agent  structures  of  traditional  public-private 
partnerships (that is, not financed by the CDM)
77. The different authors try to determine the 
additional financial costs and benefits that can arise if only the operation of the infrastructure 
is delegated to a private operator, compared to a situation where the private sector is 
contracted to build and operate the infrastructure.  
This  is  referred  to  as  a  decision  of  ―bundling  or  unbundling‖  of  operation  and 
construction  of  infrastructure  in  public-private  partnerships  (Hart,  2003;  Bennet  &  Iossa, 
2004). 
If  tasks  are  delegated  and  infrastructure  is  unbundled,  partnership  risks  arise.  An 
important dimension of these partnership risks has its roots in the asymmetry of information 
between  the  partners  (de  Palma,  et  al.,  2009).  This  concept  is  based  on  the  theory  of 
incentives and principal-agent (Laffont & Tirole, 1993).  
In a nutshell, this theory describes the behaviour of the principal who cannot actually 
monitor  the  productivity  of  the  agent.  The  principal  can,  however,  introduce  a  set  of 
incentives in order to increase the agent‘s efficiency. Such incentives are costly.  
 
 
                                                 
77  The  authors  have  developed  their  models  against  the  background  of  the  PPI  (Private  Participation  in 
Infrastructure) in the UK that involves the contracting out of the design, building, finance, and operation of the 
project to a consortium of private firms for a long period of time (usually 25-30 years, Bennet & Iossa, 2004).    207 
The key assumptions underlying a principal-agent framework are: 
-  Information  asymmetries  between  the  parties:  the  agent  (for  example,  the  private 
landfill operator) has more information on his action  
-  The agent pursues its own interest, which may run contrary to those of the principal 
(for example, the CDM project owner) (de Palma et al., 2009). 
It has been put forward that unbundled solutions are to be preferred as no principal-
agent problems arise. If principal-agent problems exist, there are potential risks. If it can be 
shown that contractual structures can mitigate these problems, then they are a way to mitigate 
these risks. 
Principal-agent problems also play a role in incomplete-contract theory (Hart, 2003). 
Contracts are regarded as incomplete because they do not define every possible way to react 
to a changing environment, which plays an especially important role in long-term contracts, 
such as  those used for  local  infrastructure projects.  Incomplete  contracts,  therefore, leave 
room for interpretation in unforeseen circumstances. Renegotiation between the partners will 
be necessary. This is more easily done in integrated structures. To solve these problems, the 
theory puts forward ways to align the incentives of the different partners to act in the best 
interest of the project owner.  
In the present study, the question is of interest whether the landfill management and 
the development of the CDM project should be bundled or unbundled. In fact, two contracts 
are usually set up. The operation of the landfill is either delegated by means of a concession 
contract to a private operator or by means of a service contract to a municipal company. Once 
the  decision  is  taken  to  develop  a  CDM  project  on  the  existing  landfill,  a  new  and 
independent tender is launched in order to grant a concession contract either to the same 
operator already active on the landfill site or to a new specialised CDM project developer. 
In the particular situation where a CDM project is installed on an existing landfill, 
principal-agent problems can arise if the landfill operator does not act in the best interest of 
the CDM project developer. The latter is, in fact, the principal as he usually pays some of the 
carbon revenues to the landfill operator to incentivise him to cooperate (see Figure 76).  
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A general rule to avoid principal-agent problems to be deducted from the literature is 
to keep the number of partners to  a minimum and to perform as many tasks as possible 
internally. If partnerships are created, however, contracts may provide a solution to mitigate 
these risks. In the literature, these contractual solutions are regarded as ―second-best.‖  
The two hypotheses to be tested are: 
1)  Bundling of landfill operation and development of CDM project is a first-best solution 
as no principal-agent problems exist. 
2)   Contracts can mitigate the principal-agent problems and provide for a second-best 
solution. 
It  is,  therefore, tested for each case study whether principal-agent  problems  exist  and 
whether they are mitigated by contracts (Figure 77). 
Figure 77: Research Approach  
 
 
Source: author  
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3   RESEARCH APPROACH AND METHODOLOGY 
3.1   Research Methodology and Choice of Case Studies 
Three  contract  models  of  public-private  partnerships,  that  is,  different  contractual 
arrangements regarding the sharing of risks and responsibilities between the municipality and 
the  owner  and  operator  of  the  CDM  project,  are  analyzed  here  by  using  a  case-study 
approach.  
The models  of the following project  developers are chosen:  Veolia Environmental 
Services (also referred to here as VES), Proactiva Medio Ambiente (also referred to here as 
PMA), Bionersis and Gikoko. The VES/PMA model implies a total integration of the landfill 
management and the development and operation of the CDM project by the local subsidiary. 
Bionersis chose a model of complete separation of responsibilities, risks and rents between 
the landfill operation and the CDM project development. Gikoko developed a hybrid model 
when  assigning  some  responsibility  as  regards  the  operation  of  the  CDM  project  and 
additional carbon revenues to the landfill operator. 
The unit of analysis is not the individual projects but the project portfolio of the 3 
models used by the selected project developers. Project developers choose, in general, the 
similar contract types for all their projects with only very few exceptions. This lowers the 
probability that project success can be explained by a random event. The identified principal-
agent-problems  should  arise  in  the  overall  project  portfolio  if  the  same  contractual 
arrangement is used.  
Figure 78 : Percentage of Overall Expected kCER (Respective First Project Period
78) 
 
The overall expected emission reductions during the first crediting period are 106 million CER. 
Source: UNEP RISOE pipeline as of 1
st April, 2011 
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Among all project developers in the landfill gas flaring sector, the most important in 
terms of the number of projects are chosen: Bionersis, PT Gikoko Kogyo and VES/PMA. In 
total they developed 20 projects, of which Bionersis developed 10, Gikoko 4 and VES/PMA 6 
projects.  The  projects  represent  23  %  of  the  overall  expected  emission  reductions  of  the 
overall  portfolio  of  77  registered  projects.  VES/PMA  contributes  12%,  Bionersis  9%  and 
Gikoko 2% (see Figure 3). 
 
Whether principal-agent problems exist and whether the contractual structures (the 
degree of bundling-landfill management and CDM-project development) help to mitigate the 
problems or whether incentive problems persist will be analysed for every case. Qualitative- 
and quantitative-empirical evidence is used to test the success of the different contractual 
arrangements.   
3.2   Data Sources 
 
The quantitative data on success of the project was generated by Alain Cormier (CDC 
Climat Recherche) with the help of the database constructed for Cormier & Bellassen (in 
prep.). Other qualitative data is taken from the UNEP RISOE pipeline as of 1
st of April 2011.  
Qualitative data is  taken from  the individual Project  Design Documents
79 (PDDs), 
semi-structured interviews with staff of the project developers whose project portfolios are 
analyzed in the case studies. Furthermore, publicly available information (on the companies‘ 
Websites, press articles, Websites of ministries) was analysed. 
3.3   Defining Project Success 
3.3.1   Qualitative assessment of project success 
It is assumed that unsolved principal-agent problems by contractual arrangements can 
have a direct impact on the success of the project and the revenues to be generated. The 
database  developed  by  Cormier  &  Bellassen  (2011  forthcoming)  allows  calculating  what 
percentage of the CER expected by the 1
st April 2011 by the different project developers was 
delayed, bogged down or successfully issued during the different steps for the portfolios of 
the three project developers. The delays and under-performance during the CER issuance 
period are of particular interest for the present analysis, as this is when partnership problems 
should play the most-important role. 
                                                 
79 The Project Design Document (PDD) is the key document involved in the validation and registration of a 
CDM-project activity. It is one of the three documents required for a CDM project to be registered. The PDD is 
also used as the basis of consultation with stakeholders and is, therefore, publicly available (CDM Rulebook, 
2011b).   211 
In the PDD of each individual project, how many CER are expected to be issued in 
each year is defined. If the expected CER are not issued in reality, it can be assumed that 
obstacles have occurred during one of the steps of the CDM project cycle; that is,  during 
validation
80,  registration
81  or issuance
82  (this step consist of monitoring
83  by the project 
operator and the verification
84 by the CDM authorities).  
Cormier & Bellassen (2011, forthcoming) use a multi -linear regression model to 
estimate the expected delay for each project at the different stages. For example as regards the 
delays at validation, a risks -influent factor analysis is performed on successfully validated 
projects to characterize the validation duration. The selected factors are used in a multilinear 
regression to estimate the expected delay for each project. All projects at validation for longer 
than this estimated delay plus twice the residuals of the regression are considered to be 
―bogged down‖, i.e. are expected to never terminate the validation step. The same approach is 
used in order to estimate delayed and bogged-down projects at the other stages of the CDM 
project cycle. 
Figure 79 : CDM Project Life Cycle and Respective Delays 
 
Source: Cormier & Bellassen (2011, in prep.) 
                                                 
80 Validation is the process of determining that the project is eligible to be registered as a CDM project, by 
confirming that the project meets the requirements of the CDM (CDM Rulebook, 2011c). 
81  Registration is a key stage in the CDM project cycle, representing the point where a project activity is 
accepted as a CDM project, making it eligible to generate Certified Emiss ion Reductions (CERs) (CDM 
Rulebook, 2011d). 
82  Issuance refers to the creation of Certified Emission Reductions (CERs) equivalent to the number of 
greenhouse-gas emission reductions that have been generated, verified and certified in respect to a CDM proje ct 
activity (CDM Rulebook, 2011e). 
83 Monitoring refers to the measurement and analysis of greenhouse -gas emissions from a project within its 
boundary to determine the volume of emission reductions that are attributable to the project. Monitoring is 
implemented through the Monitoring Plan, which is included as part of the Project Design Document (PDD) 
(CDM Rulebook, 2011f). 
84 Verification is the process of confirming the authenticity of reductions in greenhouse-gas emissions by a CDM 
project over a defined p eriod of time (a verification period). In order to do this, a CDM project's emission 
reductions are monitored and the monitoring data for a verification period is reviewed and assessed. (CDM 
Rulebook, 2011g)   212 
Also, based on the figures by Cormier & Bellassen (2011, forthcoming)  the success 
rate at issuance that determines the percentage of all CER issued over all CER that have 
completed the issuance phase (that is,  those that have been issued and those that have been 
bogged down) can be calculated.  
 
3.3.2   Quantitative assessment of project success  
Semi-structured interviews with employees involved in the project development within Veolia 
Environmental Services, Bionersis and Gikoko were carried out. During these interviews, 
especially information on problems encountered during the operational period of the projects, 
i.e. during the monitoring period, at verification and issuance were collected. The idea was to 
understand how delays can be explained, why some projects over- or underperformed and in 
particular what partnership and incentive problems have occurred that had a direct or indirect 
impact on the project success.  
 
4   RESULTS 
 
In  this  chapter,  the  three  case  studies  are  presented  in  a  descriptive  analysis  that 
emphasises the project developers‘ business models, the contractual arrangements with the 
municipality, the underlying principal-agent relationships, as well as the resulting incentive 
problems. 
4.1   Description of Partnership Structures 
 
4.1.1  The  case  of  an  integrated  concession:  Veolia  Environmental 
  Services/Proactiva Medio Ambiente 
 
The partnership structures of VES/PMA‘s registered project portfolio are analysed here as an 
example of integrated landfill management and CDM project development. 
Veolia’s Project Portfolio 
Veolia Environmental Services is a division of Veolia Environment and has 814 waste 
treatment facilities that are managed by local subsidiaries world-wide. VES owns and operates 
two registered landfill gas flaring (an energy production and/or export component is being 
considered  in  certain  cases)  projects  under  the  CDM,  has  several  other  projects  in  the 
pipeline, and is involved in Proactiva Medio Ambiente (PMA)‘s registered CDM projects.  
PMA owns and operates 4 of the 6 registered projects discussed in this paper under the 
VES/PMA ―integrated‖ category. PMA is owned 50% by Veolia Environment and 50% by the   213 
Spanish  company  Fomento  de  Construcciones  y  Contratas  (FCC).  VES  provides  CDM 
technical services to PMA and is listed as a project participant.  
CDM  projects  have  been  developed  in  Brazil,  Egypt,  Colombia,  Argentina  and 
Mexico.   
Table 31 : Main Characteristics and Success Factors of VES/PMA’s Projects 
















AESA Misiones Project, Argentina  2008  1.0  2.6  370  
Doña Juana Project, Colombia  2009  13.5  1.6  5789  
Onyx Alexandria Project, Egypt  2006  3.1  0.8  3710  
Onyx Project – Trémembé, Brazil  2005  Not provided  Not 
provided 
700  
Proactiva Tijuquinhas Project, Brazil  2008  2.1  1.6  917 
Proactiva Mérida and Flaring Project, 
Mexico 
2008  0.98  0.9  742  
*For the projects with a renewable crediting period, only the CER expected to be generated during the first 
crediting period of seven (7) years are considered. 
The grey-shaded projects have already generated CER.  
Source: author‘s calculations based on the UNEP RISOE pipeline (March, 2011) 
 
  The projects are of rather small size compared to the overall sector portfolio, except 
for the Dona Juana project. In all projects the abatement costs/CER are in the range of the 
average projects in the sector. Two VES/PMA projects (Onyx Landfill Gas-Recovery Project, 
Trémembé, Brazil, as well as the Onyx Alexandria Project) have issued credits so far
85. 
 
Partnership structures in VES/PMA projects 
As  can  be  seen  in  Table  2,  the  strategy  is  to  integrate  the  whole  CDM  chain  of 
development (feasibility, technology provision, PDD development, project operation, CDM 
validation and verification, credit selling…) within the group. 
The  CDM  expertise  (as  also  for  other  carbon  credits  projects,  such  as  voluntary 
projects) is provided at VES headquarters, in Paris, by a team of 4 employees, which provides 
internal consulting to its subsidiaries with regard to the PDD and the implementation of the 
project, but financing is arranged by the subsidiary, as is the case for other investments made 
on site. Projects are implemented by subsidiaries, sometimes with assistance from the CDM 
team at headquarters, which can help with the CDM risk management (e.g. finding carbon 
credit buyers or partners…), though risk is inherently born locally (Parte, 2011). 
                                                 
85 As of July 2001, the Dona Juana projects has already issued CER and achieved an issuance success rate of 
45%. However, at the time these case studies were carried out (March, 2011), this project had not issued.   214 
Table 32 : Sharing of responsibilities in the VES/PMA projects 
Name of project  Operation & 













Ambiente & VES  





































To be determined 
Source: UNEP RISOE pipeline, Parte (2011) 
 
For two projects, VES entered into agreements with external partners for the project 
financing. For its first project (Tremenbre, Brazil), where VES was one of the first landfill 
operators to develop a CDM project, it was selected as part of a Dutch government tender 
process, through the program CERUPT. This mitigated uncertainty for VES, as CERUPT 
bought the carbon credits upon issuance at a fixed price.   
VES  also  entered  into  an  ERPA  with  the  World  Bank  to  develop  the  Alexandria 
project. This agreement was chosen as it was considered an asset in negotiations with the 
local authorities to work with the World Bank. In addition, the Bank agreed to buy credits 
post-2012 (post-2012-risk was considered significant at the time) (Bondois, 2011). 
 
General contractual arrangements between VES/PMA and the municipalities 
  VES/PMA  usually  implement  CDM  projects  on  sites  they  already  operate  under 
concession contracts. They respond to calls for tender for municipalities wishing to set up 
CDM projects
86 on the sites they manage, or bring the CDM to municipalities not aware of 
this possibility.  
  Without the CDM project, biogas management represents a cost for the operator of a 
site. Simple techniques such as passive venting are often app lied in developing countries. 
They do not allow biogas treatment or use but are necessary to avoid the build up of biogas in 
the landfill. The local subsidiary usually has to conform with the conditions stipulated in the 
concession contract. If the decision is taken by the municipality to develop a CDM project, 
                                                 
86 In some cases, Veolia may also be the owner of the landfill site, but the focus is here on those projects where a 
partnership was created with a municipality.   215 
VES/PMA enters into negotiations with the municipality on how to share revenues related to 
the gas, carbon credits, and the sharing of the CDM project risks (Parte, 2011).  
  These risk and revenue sharing modalities differ from one project to the other and are 
subject to negotiations on a case-by-case basis. In the case of the AESA Misiones, Dona 
Juana, and Mérida projects it is stated in the project design documents (UNFCCC 2006a; 
2007; 2009) that the municipality receives a share of the carbon revenues and will use the 
revenues  to  finance  sustainable  development  projects.  There  are  also  cases  where  the 
municipality receives a fixed sum, even if credits are not issued. In the most common case, 
the municipality receives a share of the revenues once the carbon credits are issued, but does 
not bear investment risks associated with the CDM project. This risk is borne by the local 
subsidiary (Bondois, 2011).  
4.1.2   The case of strict separation of responsibilities: Bionersis 
Bionersis provides a case study of total separation between the CDM project and the 
landfill management. 
 
Bionersis’ project portfolio 
Bionersis was created in 2005 and has solely focused on the development of CDM 
landfill gas-flaring projects (with and without electricity generation
87). Bionersis is a Paris-
based company with local installations in the host countries of its projects: Argentina, Chile, 
Colombia, Cuba, Santo Domingo, Thailand, Indonesia, Malaysia, and Vietnam. Only five (5) 
out of 60 employees are based in Paris (Bionersis Website - http://www.bionersis.com). In the 
landfill gas-flaring sector (without electricity generation), 10 projects have been registered, 
with several more under development. 
The investment costs per CER are rather high compared to the median of the whole 
sector of 2.3 MUSD
88. The absolute investment costs vary between 0.9 MUSD and 11.8 
MUSD. The median of the whole sector amounts to 2.3 MUSD
89.  Three of the projects have 




                                                 
87 Here only the projects without electricity generation are looked at.  
88 Calculation by author based on UNEP RISOE pipeline. 
89 Calculation by author based on UNEP RISOE pipeline.   216 
Table 33 : Main Characteristics of Bionersis’ Projects 
















Pasto, Colombia  2009  Not known  Not known  249 
Colombia 2  2010  3.0  4.6  650 
Colombia 3 (Villavicencio)  2010  Not known  Not known  337 
Colombia 4 (Cucuta & Manizales)  2010  Not known  Not known  612 
La Duquesa Landfill, Dominican Republic  2010  21.4  5.9  3598 
Peru 1  2009  0.9  7.4  119 
Landfill-gas recovery and utilization in 
Nam Son, Tay Mo Landfills in Hanoi, 
Vietnam 
2010  11.8  3.2  2616 
Methane capture and destruction on La 
Hormiga Landfill and El Belloto Landfill, 
Chile 
2009  1.5  5.5  269 
Regional landfill projects in Chile  2008  6.2  8.9  703 
Methane capture and destruction on Las 
Heras Landfill in Mendoza, Argentina 
2008  1.3  4.2  306 
For the projects  with a renewable crediting period only  the  CER expected to be generated during the first 
crediting period of seven (7) years are considered. 
The grey shaded projects have already generated CER. 
Source: UNEP RISOE pipeline 
 
Partnership structures in Bionersis projects 
Bionersis  is  a  vertically  integrated  player  involved  in  all  phases  of  project 
development. Its expertise includes the conception, financing, installation and operation of 
landfill-biogas valorisation units, as well as the registration and compliance of projects with 
UNFCCC requirements. Due to its knowledge of each step in the process, Bionersis reduces 
the number of partners with whom to engage.  
Bionersis may only rely on partners regarding the selling of the carbon credits on the 
secondary markets. In that case, Bionersis sells the credits directly to partners via an Emission 
Reduction  Purchase  Agreement  (ERPA).  The  partner  may  then  sell  the  credits  on  the 
secondary  markets  or  keep  them  for  compliance  under  the  European  Emission  Trading 
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Table 34: Sharing of Responsibilities in the Bionersis Projects 






PDD Consultant  Credit buyer 
Pasto, Colombia 









Colombia 3 (Villavicencio)  Bionersis  Bionersis 
Colombia 4 (Cucuta & 
Manizales) 
Bionersis  Bionersis 







Peru 1  LA Global 
Carbon Trading 
Bionersis 
Landfill gas recovery and 
utilization in Nam Son, Tay Mo 
landfills in Hanoi, Vietnam 
Bionersis  Bionersis, E.ON 
Methane capture and 
destruction on La Hormiga 
Landfill in San Felipe and El 
Belloto Landfill in Quilpue 
Bundle CDM project. Chile 
Bionersis  Bionersis, 
Climate Change 
Investment I S.A. 
SICAR 





Methane capture and 
destruction on Las Heras 
Landfill in Mendoza, Argentina 
LA Global 
Carbon Trading 
Bionersis + LA 
Global Carbon 
Trading Company 
+ ORBEO + 




Source: based on the UNEP RISOE pipeline, Vidaillet (2011). 
 
 
The PDD is developed by Bionersis or LA Global Carbon Trading, which is a 100% 
subsidiary  of  Bionersis.  Bionersis  sells  its  CERs  to  specialized  markets  or  directly  to 
compliance buyers. Bionersis prefers to sell CER upfront to the buyer and wants to get the 
amount of investment costs upfront. However, they do not want to do that too early, because 
it would be too expensive; this is why Bionersis takes on the construction risk. The upfront 
payment is paid when the project is registered. 
 
Contractual arrangements with municipality 
Bionersis  is  a  specialised  CDM  project  developer  and  enters  therefore  in  ―CDM-
concession‖  agreements  directly  with  the  municipality.  Its  preferred  model  of  contractual 
arrangements is to buy the biogas from the municipality in cubic meters and pay a fixed price 
to  the  municipality,  which  bears  no  risk  related  to  the  CDM  project  but  receives  a  sure   218 
revenue stream. In some cases, however, the municipality or private-landfill operator may 
want to also benefit from the carbon revenues and does not accept a fixed and risk-free price. 
This is not Bionersis‘ favourite approach because it wants to take on the carbon risk as this is 
their business (Vidaillet, 2011). 
 
4.1.3  The case of a hybrid contract structure: Gikoko 
 
Gikoko  has  chosen  a  hybrid  contract,  without  neither  a  full  separation  nor  a  full 
integration of the CDM project and the landfill operation.  
Gikoko’s project portfolio 
PT  Gikoko  Kogyo  is  an  Indonesian  engineering  company  that  has  been  operating 
nationally since 1993. The principal shareholders are Japanese and Hong Kong investors. 
Besides CDM project development in the landfill gas-flaring sector and in the organic waste 
water treatment sector, PT Gikoko Kogyo provides services in the sectors of clean air system, 
biomass resource management
90. 
PT Gikoko has developed four projects in the landfill gas-flaring sector. The first one 
was the Pontianak Project that was registered in 2008. Three more projects (Palembang, 
Bekasi and Makassar) were registered in 2009.  
Table 35 : Main Characteristics of Gikoko’s Projects 
Project  Year of 
registration 
Absolute  









Pontianak  2008  0.8  1.6  344 
Makassar  2009  2.2  3.6  433 
Bekasi  2009  0.8  1.2  490 
Palembang  2009  1.5  3  345 
* For the projects with a renewable crediting period only the CER expected to be generated during the first 
crediting period of seven (7) years are considered. 
Source: authors calculations based on the UNEP RISOE pipeline 
 
In terms of absolute-investment costs, the projects are rather small compared to the 
median of the whole sector of 2.3 MUSD
91. The investment costs per expected CER of these 
projects vary between 1.2 and 3.6 USD, which is typical for the sector. The majority of the 
projects in the sector have abatement costs per CER between one (1) and four (4) USD
92.  All 
the sites are dumpsites that are still in operation. 
 
 
                                                 
90 Source: http://www.gikoko.co.id/content/carbon.html 
91 Calculation by author based on UNEP RISOE pipeline. 
92 Idem.    219 
Partnership structures in Gikoko projects 
Gikoko carries out the CDM-project development on dumpsites that are managed by 
municipalities.  The  PDDs  for  two  of  their  projects  were  developed  by  the  World  Bank, 
whereas  Gikoko  internalised  the  drafting  of  the  PDDs  for  two  additional  projects.  The 
engineering and construction has been outsourced to American companies.  
ERPA with the World Bank have been signed for three projects: Pontianak, Bekassi 
and  Makassar.  The  fourth  project  was  partly  financed  through  an  ERPA  with  the  Asian 
Development Bank. See Table 36 for a summary of the responsibility sharing.  
In  summary,  Gikoko  has  developed  internal  expertise  regarding  the  CDM-project 
cycle and the installation of the technology but has also relied on partners. 
Table 36 : Sharing of Responsibilities in the Gikoko Projects 






PDD Consultant  Credit buyer 
Palembang 
Project owner  Outsourced 
PT Gikoko Kogyo 
Asian Development 
Bank 
Bekasi  World Bank  World Bank 
Makassar   World Bank  World Bank 
Pontianak   PT Gikoko Kogyo  World Bank 
Source: UNEP RISOE pipeline 
 
Contractual arrangements between Gikoko and the municipalities 
The CDM projects are implemented under a so-called ―Build, Own & Operate‖ (BOO) 
contract. In all projects the landfills are managed by the municipalities (Hwang, 2011). The 
municipalities  are  not  involved  in  the  financing  of  the  project  –  neither  through  project 
finance nor through selling or buying of carbon credits.  This means that they take on no 
financial risks as far as the success of the projects is concerned.  
The municipalities will benefit from the carbon revenues that are to be generated by 
the projects and are assigned responsibilities regarding the CDM projects. In all four cases, 
the project partners agreed on a revenue-sharing model. This model stipulates that Gikoko 
commits to pay 10% from the carbon revenue to buy more trucks for the city to bring more 
waste to the dumpsite and to increase the feedstock. The idea is that in this way more waste is 
brought to the dumpsite and, hence, more landfill gas is generated, which would lead to more 
emission reductions. The model used assumes that the quantity of waste collected increases at 
the same rate as population growth, estimated at 2.0% per year. 
  The trucks and other components necessary to improve the city's waste-management 
activities will be bought by Gikoko (and not by the municipality) in order to avoid the transfer 
of cash to local government accounts and limit the risk of corruption (Agentschap NL, 2010).    220 
Seven percent (7%) of the carbon revenues are dedicated to community-development 
activities to provide safer, more-hygienic conditions for scavengers. There is a social aspect 
that is equally financed by the project. 
Figure 80 : The PT Gikoko Revenue-Sharing Model 
 
     
Source: Gikoko (2009) 
4.1.4   Comparison of the three different contractual arrangements 
The three contractual models presented above differ in terms of the implied sharing of 
rents, risks and responsibilities. 
As can be seen in the table below, the model of complete separation (Bionersis) and 
the hybrid model (Gikoko) differ only in one aspect. In the latter case, the landfill operator has 
an additional responsibility compared to the ―no-CDM project‖ scenario. However, as in the 
case of complete separation, the risks are supported by the CDM project owner, who is part of 
a separate company from the landfill operator. The CER are also – in both cases – the only 
source of revenue for the CDM project developer.  
In the case of complete integration, the contractual structures are comparable with the 
hybrid model in so far as the landfill operator takes on responsibilities regarding the CDM 
project  and receives CER in  return. However, the important  difference is  that in  case of 
VES/PMA, the landfill operator also bears the investment risks of the CDM project, whereas 
in  the  case  of  Gikoko  the  landfill  operator  does  not  bear  any  project  risks.  Also,  in 
VES/PMA‘s case the landfill operator usually receives the CERs, whereas in Gikoko‘s case 
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Table 37 : Comparison of institutional Arrangements of different Case Studies in terms 
of Sharing of Risks, Rents and Responsibilities 














































CDM project owner is in charge of 
the operation of the CDM project 
Yes  Yes  Yes 
Landfill operator is part of the 
company/group that develops CDM 
project 
 
























































CER are the only source of income 
for CDM project developer 
 
No  Yes  Yes 
Risk of loss of initial investment 
borne by CDM project owner 
 
Yes  Yes  Yes 
The landfill operator has additional 
responsibilities regarding the CDM 
project that he would not have 
without the CDM project 
 























































  Remuneration of landfill operator 
linked to CDM success of the 
project 
 
Yes  No  Yes 
Risk of loss of initial investment in 
CDM project borne by landfill 
operator 
Yes  No  No 
Source: author 
 
4.2   Theoretical versus Materialised Contractual Risks 
Based on the principal-agent and contract theory, whether principal-agent problems 
exist and whether appropriate contracts are put in place in order to mitigate the principal-
agent  risks  for  the  CDM  project  developer  is  analysed  for  all  three  cases.  Subsequently, 
numerical and qualitative results are juxtaposed with the theoretical predictions and whether 
the theoretical predictions hold true in realty is analysed. 
4.2.1  What theory predicts: Impact of contracts on project success 
 
Analysis of principal-agent relationship- VES/PMA 
VES/PMA usually develop CDM projects on sites they operate. In most cases, the 
local subsidiary carries out the responsibilities of the CDM project owner and the landfill 
operator  at  the  same  time  and  therefore  bears  all  risks  and  responsibilities  related  to  the 
management of the landfill and the development and operation of the CDM project. This 
model can be called a model of ―total integration‖. There are no principal-agent-problems 
between the landfill operator and the CDM operator.    222 
However, a principal-agent relationship exists between the landfill operator and the 
municipality (Figure 6). The relationship between VES/PMA and the municipality is a service 
provider-client  relationship.  Typically,  the  municipality  grants  a  concession  contract  to 
VES/PMA in order to operate the landfill and pays a tipping fee. The CDM concession is 
subsequently  implemented  through  a  second  contract  that  is  usually  involves  lower 
investment costs than the landfill management contract.  
VES/PMA  regard  the  CDM  project  as  an  additional  service  to  their  clients,  the 
municipalities. It does not only reduce greenhouse gas emissions, but also further improves 
the  landfill  management  by  reducing  odours,  minimizing  the  landfill‘s  impact  on  local 
environment and populations, as well as creating positive interactions with local municipality 
(e.g.  jobs,  exposure  to  sustainable  development  practices  for  local  school  visits  & 
universities…)  etc.  In  addition,  carbon  revenues  may  be  used  to  further  invest  into  the 
landfill‘s environment, such as its cleanliness, additional access roads etc. (Bondois, 2011). 
Figure 81 : Principal-Agent Relationships in the VES Projects 
 
Source: author, based on UNFCCC (2006a; 2007; 2009).  
 
  VES/PMA receive the CERs generated by the CDM project and shares them with the 
municipality. The municipality does not support the risks, but often earns money in the case 
the  project  generates  revenues.  The  action  of  the  municipality  usually  does  not  have  a 
significant  impact  on  the  project  success,  unless  political  risks  materialise  and  the 
municipality  affects  or,  in  the  worst  cases,  stops  the  CDM  project,  for  example  after 
elections
93.The municipality can also contribute to the overall project success, through its role 
in the context of landfill operations.  
  It can be concluded that no principal -agent problems between landfill operator and 
CDM project developer exist as the respective tasks are carried out by a single company -
                                                 
93 This is a political risk that is not looked at here as this risk is completely independent from the contractual 
structures (see section 5.1 for a discussion).   223 
VES/PMA  However,  VES/PMA  and  the  respective  subsidiary  are  accountable  to  the 
municipality with regards to the overall success of landfill management and the CDM project. 
 
Analysis of principal-agent relationship – Bionersis  
Bioneris  chooses  contractual  structures  that  stipulate  that  the  municipality  or  the 
private operator is the agent of Bionersis (the principal) as it receives a payment (either a 
fixed  price  or  a  royalty  fee)  for  allowing  Bionersis  to  use  the  biogas  as  input  for  the 
production of carbon credits.  
Figure 82 : Principal-Agent Relationships in the Bionersis Projects 
 
Source: author, based on personal communication with Vidaillet (2011)  
 
The action of the agent, the municipality, has only very limited impact on the CDM 
project. It could potentially have a negative impact if during the daily operation of the landfill, 
wells and pipes were blocked and the gas could not be captured. The operator continues the 
every-day operation that he already carried out before the CDM project had been installed. He 
operates mainly independently from Bionersis, who is in charge of the CDM project with its 
own staff on the ground. 
In the case of a gas-purchase agreement, the municipality or private operator does not 
bear  any  project  risks  or  responsibilities  regarding  the  successful  implementation  and 
operation of the CDM project. In the case of a royalty fee, the operator gets a bonus in case 
the project works well, but does not assume any risk of project failure or loss of investment.  
It can be concluded that principal-agent problems exist as the action of the landfill 
operator  has  an  impact  on  the  overall  CDM-success  of  the  project.  However,  the  risks 
attached are limited as the landfill  operator takes  on no additional risks  compared to  the 
situation ―without CDM project.‖ The risks and responsibilities are clearly separated by the 
contractual agreements. Bionersis is responsible for the CDM-project development and bears   224 
all  the  investment  and  operational  risks  attached  to  it.  The  landfill  operator  is  solely 
responsible  for  the  landfill  management  and  bears  all  the  associated  investment  and 
operational risks. Except in a situation of unexpected circumstances, there is no reason why 
the partner should deviate and harm Bioneris by its actions.  
   
Analysis of principal-agent relationship – Gikoko  
In the partnership model developed by Gikoko and its partners, Gikoko is the sole 
investor in  the CDM project  and is, hence, the principal  of the municipality, the landfill 
operator. Compared to Bionersis, there is a precise difference between the two models: the 
municipality contributes to the CDM success of the project in two ways as stipulated by the 
contracts. 
It receives trucks and other heavy equipment financed by 10% of carbon revenues in 
order to increase the waste deposited at the site, which is assumed to increase the landfill gas 
also and, hence, the carbon revenues to be generated. The municipality is also responsible for 
covering  the  cells,  which  is  necessary  to  capture  the  landfill  gas.  Gikoko  supervises  the 
construction of the cells. This way Gikoko monitors the municipality‘s action that will have 
an impact on the CDM project‘s success.  
Figure 83 : Principal-Agent Relationships in the Gikoko Projects 
 
Source: author, based on personal communication with Hwang (2011a; b)  
 
As far as the risk-sharing arrangements are concerned, it has to be noted that the only 
party that took on project risks was  Gikoko. However, the success of the project did not 
depend on its  own efforts, but  on those of the municipality which is  the operator of the 
dumpsites. 
The municipality does not directly assume any project risks as it does not bear any 
investment risks. It is responsible for the waste management and does not receive any direct 
revenues for increasing the collection capacity. It is stipulated in the contract, however, that   225 
7% of the carbon revenues are paid to the municipal-development program. This can be seen 
as a financial incentive for the municipality to contribute to the project‘s success. 
To sum up, it can be said that, theoretically, Gikoko bears significant principal-agent 
risks. Its partners, the landfill operators of the different landfills, contribute directly to the 
success  of  the  project  without  bearing  any  investment  risks  or  operational  risks.  The 
incentives provided by the carbon-revenue sharing seem to be rather weak. In unforeseen 
circumstances, for example, if the operation of the trucks turns out to be more expensive than 
expected, the landfill operators may deviate from their obligations.    
 
4.2.2   Performance of different projects in qualitative terms 
In order to analyse in qualitative terms if one of the contractual models has been more 
successful  than  the  others,  the  performance  of  the  project  portfolios  of  the  three  project 
developers  are  compared  with  each  other  as  well  as  with  the  overall  landfill  gas-flaring 
portfolio that provides a more-general benchmark. 
As far as the number of successful projects is concerned, it can be observed that 43 of 
the 77 landfill gas-flaring projects have not issued CERs yet. The project portfolios of the 
three project  developers analysed have performed differently.  Five  (5)  out  of 10 projects 
developed by Bionersis have already issued, whereas two (2) out of six (6) projects developed 
by VES/PMA have issued credits. None of Gikoko‘s projects has issued credits so far (UNEP 
RISOE pipeline). However, the number of projects that have issued does not tell much about 
the respective success of the project owners. A more-detailed analysis is possible if the CER 
expected are compared to the CER generated. 
The  results  are  dawn  from  the  database  developed  by  Cormier  &  Bellassen  (in 
prep.)
94. This data helps to identify how many of the expected CER as of 1
st April, 2011 have 
been issued and at which step in the project cycle the remaining CER were bogged down or 
delayed.  
Nine percent (9%) of the overall expected CER in the landfill gas-flaring sector as of 
the 1
st of April 2011 have been issued. Fifty-one percent (51%) of the CER are delayed in 
issuance, meaning that the CER crediting has been delayed, but that the project will most 
likely still issue credits. Twenty percent (20%) of the expected CER have under-performed. 
Compared to the overall sample, Bionersis and especially VES/PMA achieve better results. 
Only 8% and 18% respectively of the CER expected have under-performed. Bionersis has 
issued a higher percentage (11%) of its expected credits than VES/PMA (6%) and the overall 
sample. 
                                                 
94 See Section 3.3.1 of this chapter for further details on the methodology.   226 
More  than  90%  of  the  CER  to  be  generated  by  Gikoko  were  delayed  during  the 
issuance period, whereas less than 10% were delayed at registration (Figure 84).  
If we look at the issuance step, a performance rate of 42% for VES/PMA and 38% for 
Bionersis can be calculated. Both of them performed better than the overall sample, whose 
success rate at issuance is 30%
95. 
It can be  concluded that the models of total integration and total separation lead to 
successful project outcomes, whereas the hybrid structure does not seem to be convincing. 
However,  a  qualitative  analysis  is  needed  in  order  to  determine  whether  these 
performance  rates  can  be  explained  by  the  ability  of  contractual  structures  to  mitigate 
principal-agent problems. 
 
Figure 84 : Performance of Project Developed by Gikoko, VES/PMA and Bionersis and 
the Remaining Projects in the Sector (% of expected CER as of 1
st April 2011) 
 
Source: data provided by Alain Cormier (CDC Climat Recherche) based on the database 
developed for Cormier & Bellassen (in prep.) 
 
 
                                                 
95 The percentage is calculated by dividing the issued credits into the sum of issued credits by the credits bogged 
down at issuance (―under-performance‖). Under-performance means that the CER have been bogged down in the 
issuance  process  for  such  a  long  time  that  it  is  statistically  unlikely  that  they  will  still  be  issued.  See  the 
Methodology Section for more details. 











Given up after registration
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4.2.3   Qualitative information on relationship between contracts and project 
success 
 
Incentive problems encountered within the partnership – VES/PMA  
  If a CDM project performs well and no problems occur during the monitoring and 
verification period, the incentives between VES/PMA and its partners are aligned. Investment 
in the management of the landfill and the development of the CDM project both contribute to 
the improvement of the quality of the overall waste management project. 
  However,  the  situation can  change  if  problems  occur  and  the  CDM  project  slows 
down. These problems most often originate from a third party. In some cases, time consuming 
and costly recalculation of the emission reductions or redrafting of documents were demanded 
by the UNFCCC verifiers. VES/PMA has also been confronted with delays during verification 
periods due to the lack of availability from verifiers, overloaded with work. A project that 
takes too much time to issue credits, whichever the reasons, reduces the incentive for the 
operator on the ground to exert efforts to generate credits, as it would for any other CDM 
project where incentive comes from carbon credits and revenues (Bondois, 2011).  
  While usually the landfill management and CDM project development have the same 
objective,  the  overall  improvement  of  the  waste  treatment,  in  such  a  situation,  the  local 
subsidiary may need to prioritise between the landfill management and the CDM project. If, 
for  example,  reinvestments  in  the  landfill  (e.g.  reparation  of  access  roads)  happen  to  be 
necessary at the same time as recalculating the monitoring data is demanded by the CDM 
authorities, the local subsidiary may decide to give priority to the landfill management. The 
CDM project is a component of the landfill management and an extra-service offered to the 
municipality. Landfill and CDM managers are accountable to the customer, the municipality 
(Parte, 2011).  
 
Incentive problems encountered within the partnership – Bionersis  
Bionersis claims that there are no problems related to the partnerships with the local 
actors on the landfill as their actions and those of Bionersis are completely separated from one 
another (Vidaillet, 2011). The landfill operator was not assigned any additional task related to 
the CDM project that he would not have carried out without the CDM project.  
 
Incentive problems encountered within the partnership – Gikoko 
Under the contractual structures established by Gikoko, the municipality‘s share of the 
CER revenue does not seem to provide enough incentive for the municipality to contribute to 
the CDM project‘s success. The municipality had to make a financial effort in order to raise 
the operational costs necessary to operate the trucks and to process the additional waste.   228 
―The CDM does not provide enough incentive for them to do anything about the state 
of the dumps and to act in favour of the CDM project‖ (Hwang, 2011b). According to Hwang 
(2011b),  the  major  mistake  was  being  too  optimistic  about  how  much  revenue  could  be 
generated by the project and sharing the revenues too generously. 
Therefore, the  estimation  of future emissions  reduction that was  dependent  on the 
municipality‘s effort to bring more waste to the dumpsites was ―critically flawed‖ (Hwang, 
2011a). The local governments did not increase the collection in line with the increase in 
waste generated by the growing population. Even though the costs for the trucks were paid by 
the CDM project owner, the municipality did not raise the necessary funds to ensure the 
operation of the trucks. The dumpsite operators (the municipalities) also lacked expertise to 
operate efficiently the dumpsites, which is a ―prerequisite for LFG (what does this stand for) 
generation‖  according  to  Hwang  (2011a).  In  certain  cases,  they  did  not  even  respect  the 
environmental regulations in effect. The lack of funds led to under-performance of the project. 
As  there  was  no  money  to  repair  damaged  access  roads,  the  trucks  could  not  access 
designated  dumping  points  and  waste  was  spread  around,  hindering  the  construction  of 
designed landrise cells. Fuel for heavy equipment was lacking and the municipal operator was 
slow or refused to buy cover soil even though it was legally obliged to do so.  
4.3   Juxtaposing Theory and Empirical Evidence  
Theory  predicts  that  total  integration  of  landfill  management  and  CDM  project 
performs best as no principal-agent problems exist. Out of the two models that face principal-
agent problems – the total separation and the hybrid model – the total separation should be 
more successful. Table 38 on page 229 sums up and juxtaposes the theoretical hypothesis and 
the empirical findings. 
In fact, theory and practice diverge slightly. Total separation seems to perform slightly 
better than total integration. The quantitative evidence does not support this, but qualitative 
evidence from interviews showed that, in the case of total integration, incentive problems may 
arise. It has been mentioned that, due to the long verification periods that may be caused by 
the work overload of the verifiers and the rigidity of the UNFCCC administrative procedures, 
the CDM project becomes unattractive in comparison to the overall landfill project. Bionersis, 
who completely separated landfill management and the CDM project, has only invested in the 
CDM project and, therefore, focuses all its efforts on emission reductions as the generation 
and selling of carbon credits will be the only revenue stream that will allow the repayment of 
its investment. 
As expected, the hybrid-contract structure did not perform well. In the case of Gikoko, 
the reason for the lacking motivation to contribute to the success of the CDM project is that   229 
the municipality has no financial stake in the project and, hence, bears no risks. At the same 
time, it is supposed to contribute to the project by improving waste collection, which is costly.  
The incentives are, hence, very weak to mobilise funds to operate the collection trucks 
and the landfill, as the revenues to be earned are unstable. 
The theoretical hypotheses are – therefore – only partly verified. They are verified 
regarding  the  fact  that  contractual  structures  can  reduce  principal-agent  problems  (when 
Bionersis and Gikoko are compared).  
However, the hypothesis that total integration is a first-best solution could not be verified. The 
integrated model can face a prioritization between landfill management and CDM project 
development, though this is not frequent. 










Allocation of risks 
and 
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No  Yes  No principal-agent 
and incentive 
problems. Landfill 
operator and CDM 
project developer are 
incentivised to make 
their best effort.  
Potential conflicts of 
interest if reinvestment is 
necessary and the delivery 
of carbon credits is delayed 
significantly. Objectives in 
terms of landfill 
management may be more 
important as the initial 
investment was higher and 
revenue stream is more 
reliable (mostly tipping 
fee). Due to its uncertain 
revenue stream and its 
administrative rigidity 
during the monitoring and 
verification period the 
CDM project does not 
provide full incentives for 









and CDM project, 
CDM owner only 
interested in success 
of CDM project. The 
partnership risks are 
very small. 
No partnership problems 
have been observed. The 
partner continues his 
business-as-usual 
operations and does not 
actively contribute to the 
CDM project. The CDM 
project developer controls 
all important aspects of the 
CDM project (covering of 
landfill, operation of 
project, monitoring and 
verification procedures) 
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Yes  No  There are no 
investment risks born 
by the municipality. 
However, the 
municipality takes on 
important 
responsibilities. This 
creates risks for the 
CDM project owner 
due to possible 
incentive problems. 
The CDM project does not 
provide enough incentives 
in terms of potential 
revenues for the landfill 
operator to increase its 
effort in order to contribute 
to the success of the CDM 
project. As the landfill 
operator is supposed to 
actively contribute to the 
success of the CDM project 
(it is responsible to increase 
the amount of waste treated 
and hence the quantity of 
gas produced) the CDM 
project developer had to 
renegotiate and reinvest. 
Colour code: red= risks identified; orange= risks are identified but are manageable by project owner; green= 
only very weak or no risks identified 
Source:  author 
 
 
5   DISCUSSION 
5.1   Overview of Rival Hypotheses  
 
Case-study analysis is a limited research approach in the sense that it may under-
estimate certain impacts of factors that are not in the focus of the analysis. This is why rival 
hypotheses have to be studied. Rival hypotheses are those that may be able to explain the 
observed outcome (success/failure of the projects) through other factors than those that are 
assumed to be the reason for the outcome. 
Therefore,  whether  rival  hypotheses  exist  and  how  likely  it  is  that  they  hold  true 
compared to the main hypothesis has to be tested here. In general the rule ―The more rivals 
your analysis addresses and rejects, the more confidence you can place in your findings‖ (Yin, 
2009, p. 134) is followed. 
The following rival explanations have to be tested for the above case studies and the 
entire sample and will be analyzed in greater details in the following sections (Table 39), 
especially the fact that the rivals of the hypothesis that contracts can reduce principal-agent 
problems and can, hence, have an impact on project performance. 
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Table 39 : Possible Rival Explanations for Project Success 
Type of rival  Description  Application to present analysis 
Direct rival  An intervention 
other than the target 
intervention 
accounts for the 
results. 
Corruption, state of the landfill (sanitary 
landfill or dumpsite), performance of local 
DNAs, delays due to the workload of 
verifiers, technological problems. 
Commingled rival  Other intervention 
and the target 
intervention both 
contribute to the 
results.  
The contractual structures chosen and the 
interventions or one of the interventions 
listed under ―direct rival‖ both have an 




process, not the 
substantive 
intervention, 
accounts for the 
results.  
It is not the contract that is responsible for 
the project outcome, but the fact that the 
contract was not implemented the way it 
was supposed to be.  
Rival theory  A theory different 
from the original 
theory explains the 
results better.  
It is not the contractual structures between 
the partners that are responsible for the 
project outcome observed, but the capacity 
of the different partners to successfully 
operate the project.  
 
Super rival  A force larger than, 
but including the 
intervention, 
accounts for the 
results 
Economic situation of a country, macro-
economic events in particular countries 
(exchange rates crises, for example) or in 
one particular year (such as the global 
financial crisis), political changes on the 
municipal level, country characteristics. 
Societal rival  Social trends, not 
any particular force 
or intervention, 




Source: based on Yin (2000; 2006) 
 
5.2   Direct and Commingled Rivals: Interrogation of Alternative and 
Additional Suspects 
 
Project performance of the different portfolios may be explained by other factors than 
the contractual structures chosen. These rivals can be: corruption, state of the landfill (sanitary 
landfill  or  dumpsite),  the  performance  of  local  Designated  National  Authorities  (DNAs), 
delays due to the workload of verifiers, technological problems and expertise of the project 
owner.  
A  large  anthology  of  literature  has  focused  on  CDM-project  risks  other  than 
partnership  risks.  Castro  &  Michaelowa  (2008)  and  Mayr  &  Michaelowa  (2008)  provide   232 
general analyses of the success factors of CDM projects. The emphasis is put on host country, 
size and scale and technological problems, but also on the role of consultants and verifiers. 
The  authors  identify  the  waste  sector  as  the  one  which  performs  worst  among  all  CDM 
sectors.  As  reasons  for  this,  they  mention  over-estimations  in  the  waste  growth  or  gas-
generation models, management and operation problems, as well as monitoring difficulties. 
However,  as  could  be  seen  in  the  Gikoko  case  study,  these  problems  may  occur  if  the 
responsibilities between the partners are not correctly assigned. Another reason may also be 
the project owner‘s expertise. 
 
Expertise of project owner 
Mayr & Michaelowa (2008) cite interviewed experts who emphasized the role of the 
project  owners‘  expertise  during  the  planning  and  implementation  phases  in  the  overall 
success of the project. Also Teichmann (in preparation, chapter III of this dissertation) finds 
empirical evidence for the landfill gas-flaring sector that more-experienced actors and those 
that can horizontally integrate the development of several CDM projects can finance riskier 
projects and are more successful in terms of CER generation. 
The impact of this criterion on the performance of the three project portfolios analyzed 
here  is,  nevertheless,  estimated  to  be  low.  Gikoko  and  Bionersis  are  both  more  or  less 
specialized in the development of CDM projects and both have invested in capacity building 
to carry out a complete portfolio of projects.  
 
Corruption 
Corruption  can  be  defined  as  ―the  abuse  of  entrusted  power  for  private  gain‖ 
(Transparency  International  –  citation  missing)  and  a  situation  where  ―civil  servants, 
managers and trustees do not act visibly, predictably and understandably‖ for those that are 
affected by administrative decisions. Corruption may be a direct rival. By choosing the hybrid 
model, Gikoko exposes itself much more to the risk of corruption than Bionersis, for example. 
Of course, in all three cases, corruption may lead to a situation in which the project is blocked 
by the municipality. This is a political risk that will always exist, no matter which contractual 
structures are chosen. 
   This is not the case of the Gikoko project, even though the lack of funds necessary for 
the municipality to fulfil its tasks may be explained by corruption. The municipality does not 
block the project and corruption is, hence, not the only explanation of the project failure. It is, 
rather,  the  combination  of  a  contract  that  demands  the  municipality  to  contribute  to  the 
success of the CDM project and the fact that the municipality happens to be corrupt that leads 
to project failure.    233 
 
State of the landfill (sanitary landfill or dumpsite) 
  Several studies that have analysed reasons for low performance of landfill gas flaring 
projects financed under the CDM have found that the state of the particular landfill can have a 
significant impact on the success (SCS Engineers, 2007 and Terraza &  Willumsen, 2009). In 
fact, Bionersis and VES/PMA usually develop their projects on sanitary landfills, whereas 
Gikoko used a dumpsite, where it is more difficult to install and operate the landfill gas-
capture  and  flaring  technology.  This  is  why  the  fact  that  Gikoko  performed  worse  than 
VES/PMA and Bionersis could be also explained by the state of the landfill. This rival seems 
to impact the result, together with the contractual structures. 
 
Technological problems 
  The  same  literature  mentioned  above  (SCS  Engineers,  2007  and  Terraza  &  
Willumsen, 2009) also mentions the importance of the technical component (equipment + on 
site management practices) for the success of landfill gas flaring projects. Gikoko and VES 
both also mentioned operational management challenges. In the case of Gikoko the landfill 
gas collection system was purchased from a well-known North-American consulting firm but 
had not been adapted to tropical countries since it neglected a leachate-removal system. The 
gas-collection pipes were immersed in leachate and blocked, and no landfill gas could be 
collected. Gikoko lost time and over a USD one (1) million of its investment. 
Now Chinese and Danish companies have been invited to install landfill gas-extraction 
technology, in cooperation with  Gikoko. So it made sense in this particular project to be 
involved in the development of the technology and to consider the particular local conditions.  
  VES/PMA encountered severe delays in verification due to the fact that the auditors 
have not been available. The projects have also encountered technical landfill management 
issues of variable difficulty that have impacted the collection of biogas. With time, these 
issues are resolved by VES/PMA. Technical/operations management aspects, influence the 
project  success  rate and have to  be incorporated into management throughout  the project 
duration. All projects are still on going and the VES team is confident issuance rates will 
continue improving in the future. 
 
Learning in the CDM community 
  As a general trend it can be observed that later projects in the sector have achieved 
higher issuance rates due to learning of the CDM community. In fact, during the early days of 
the  market,  methane  emission  potentials  of  landfills  were  largely  overestimated  (SCS 
Engineers, 2007 and Terraza &  Willumsen, 2009). The fact that Bionersis is a newcomer to   234 
the market can explain to some extent their success: they have learnt from mistakes made by 
others.  However,  also  Gikoko  was  not  an  early  actor  as  VES/PMA  and  still  ran  into 
difficulties.  
 
Risks linked to CDM  
  It was reported by VES and Gikoko (Bondois, 2011 and Hwang, 2011b) that during the 
operational period a lot of time was lost because of the unavailability of auditors. One auditor 
was suspended. Also, changes in UN governed CDM rules occurred, which sometimes were 
differently  interpreted  by  VES  and  the  auditors.  Experience  seems  to  show  that  the  risks 
related  to  the  CDM  project  cycle,  in  particular  its  heavily  administrative  verification 
procedure,  can  create  an  obstacle  to  incentive.  The  incentives  for  the  partners  or  project 
developers  to  generate  CERs  can  be  weakened  when  efforts  and  remuneration  become 
disconnected because of obstacles exterior to the project.  
5.3   Implementation Rival: Bad Implementation of Well-Structured Contracts  
 
Here the hypothesis that the contract is not source of the problem is tested. It is, rather, 
the fact that the contract was not implemented the way it was supposed to be. In the case of 
Gikoko, for example, the municipality did not do what it committed to in the contracts, even 
though the contract might have been well set up. 
However, this is not a real contradiction to our result as well-defined contracts were 
defined as those that incite all actors to do the best in terms of GHG-emission reductions and 
landfill management. As shown in the case studies, incentive problems arose in the case of 
Gikoko as the contract that stipulated the rent sharing did not provide the municipality with 
enough incentives to fulfil the tasks that it was assigned in the contracts against a certain share 
of the carbon revenues. The main tasks assigned to the municipality that had an impact on the 
CDM success of the project was the waste collection. In fact, the municipality was supposed 
to increase the collection rates and the quantity of waste deposited on the site in order to 
increase the quantity of landfill gas. Only the investment costs of the trucks were paid, but the 
operational costs still had to be brought up by the municipality, which it could not afford. 
 
5.4   Rival Theory: Choosing a Partner rather than Choosing a Contract 
 
As stated by Vidaillet (2011) one of the success factors of Bionersis‘ model is that 
they have developed know-how as far as the choice of partners is concerned. By handpicking 
the best candidates for the projects, Bionersis reduces the performance and implementation   235 
risks efficiently. From the Gikoko case study, it appears that a government is needed that has 
the money  and the know-how to  manage the landfill properly  and that  commits  itself to 
standards and reputation. These are very important factors to evaluate before entering into a 
new CDM project. 
The hypothesis  to  be tested here is  whether it is  not  the contractual arrangements 
between the partners but rather the partner itself and its expertise that lead to success of the 
project or failure. Following this hypothesis, risk mitigation would not consist of choosing a 
contract, but rather a partner. 
The  capacity  of  the  CDM  project  developer  and  its  partners  is,  of  course,  also  a 
decisive project-success factor (besides the importance of the quality of the landfill/dumpsite). 
However, in the case of Gikoko the municipality has an impact on the success of the project as 
it was supposed to increase the quantity of waste and, hence, the quantity of CER to be 
generated. In the case of Bionersis the municipality/private operator has no direct impact on 
the CER generation. It only continues the landfill management that it has been doing already. 
They  are,  however,  not  incentivised  by  Bionersis  to  do  better  than  what  they  would  do 
without the CDM project. So it makes a difference whether additional effort by the partner in 
comparison to the "no-CDM-project-scenario" is needed in order to make the CDM project 
work or not. 
It  can,  therefore,  be  concluded  that  the  risks  are  due  to  the  characteristics  of  the 
partners but also to the contract. Bionersis reduces risks by handpicking the partners and by 
not allowing them to impact the success of the project. Gikoko did not choose the partners 
carefully enough and also exposed itself to the risk of under-performance by the partner by 
making him contribute directly to the success of the project.  
5.5   Super rival: Possible Macroeconomic Impacts on the Project Success 
 
In economic analysis, super rivals – that is, rivals that are due to a larger force than the 
one analyzed – are typically macro-economic impacts and host-country risks.  
The period analyzed is very short and there were no major macro-economic events in 
any of the countries studied. As stated earlier, it is most likely that the country has no impact 
on the success of the project. Also, all projects analysed here were developed in different 
countries and different years, and no pattern can be identified. Only in the case of Gikoko 
were  all  projects  developed  in  the  same  country,  Indonesia.  However,  Hwang  (2011b) 
confirmed that the country risk is not decisive for him and that he would continue to do 
projects in Indonesia. 
  Political aspects have to be taken into account as well, but seem to have had a minor 
impact on the projects analysed here. Only the project in Alexandria had, at the time of the   236 
interview (March 2011), been put on hold and all of VES‘s employees had been repatriated 
following the crisis in Egypt (Bondois, 2011). 
6   CONCLUSION 
 
It was shown that partnerships between the landfill operator and the CDM project 
developer can imply risks of under-performance due to principal-agent problems or split-
incentive issues between partners. Contractual structures can mitigate these risks, by clearly 
separating the risks and responsibilities. 
Furthermore, it was also shown that incentive problems can arise in a situation where 
no principal-agent  problems  exist. This is  the case in  the model  of total  integration. The 
company  in  charge  of  the  landfill  and  the  CDM  project  may  sometimes  be  obliged  to 
prioritize between the two projects. This is mainly due to the fact that the revenue stream, 
which is generated from the landfill (usually a tipping fee paid by the municipality), is stable 
and predictable. The CDM revenues are usually generated for the first time up to 30 months 
after the project is registered, which leads to a disconnection of payments and efforts. 
Total integration, therefore, does not produce better results than the model of complete 
separation of project management and methane capture from landfill management. Hybrid-
contract  structures  that  set  up complex partnerships  without clarifying  the responsibilities 
create transaction costs and environmental inefficiencies. 
It was also shown that the expertise of the partners matters. Managing partnership 
risks is, therefore, about choosing the right contract and the right partner.  
Partnership risks should, therefore, be taken into account ex-ante. If these risks are 
better managed, possibly more private investment could be attracted. Sound risk management 
implies choosing the contractual model of total integration to avoid partnership risks in the 
first  place.  If  a  company  does  not  have  the  know-how  or  financial  capacity  to  integrate 
landfill  management,  the  responsibilities  and  attached  risks  and  rents  have  to  be  clearly 
separated between the landfill operator and the CDM project developer. 
Also for investors (carbon-credit buyers) it is important to take into account the risks 
attached  to  the  different  contractual  arrangements.  During  interviews,  it  was  stated  that 
usually  only  due  diligence  of  project  participants  is  carried  out,  but  the  contractual 
arrangements and the resulting incentives are hardly ever looked at.   237 
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CONCLUSIONS 
 
  It  has  been  shown  that  public-private  partnerships  as  well  as  private-private 
partnerships  can  render  low-emission  local  infrastructure  projects  environmentally  more 
effective and economically more efficient – under the condition that contractual arrangements 
are well designed and problems due to unaligned incentives and coordination problems are 
mitigated. 
  A theoretical and empirical analysis was carried out for landfill gas-flaring projects 
financed under the CDM. The objective was to identify potential inefficiencies associated 
with the delegation of responsibilities to partners and the ways contracts can help to overcome 
these inefficiencies. 
  In what follows the primary results of this analysis as well as policy recommendations 
derived from these results are presented. The dissertation concludes with an identification of 
areas for further research. 
1 PRIMARY RESULTS OF DISSERTATION 
 
The theoretical analysis (chapter II) showed that principal-agent problems can occur 
between the landfill operator and the developer of the CDM project as well as between the 
builder and operator of the CDM project in cases where they are chosen by two separate 
public tenders. Theoretical inefficiencies were also identified in a situation where the CDM 
project developer outsources the PDD development and the installation of the technology to 
external service providers, as the investments carried out by the CDM project developer are 
specific.  
  If partnerships are nonetheless created, contractual arrangements should ensure that 
every  partner  bears  the  risks  attached  to  his  responsibility.  For  example,  external  PDD 
consultants should bear the risks attached to the uncertain outcome of the project registration 
with the CDM Executive Board, while the technology provider should cover technological 
problems throughout the construction and operational period. 
In  the  first  of  the  two  empirical  analyses  (chapter  III)  carried  out,  the  theoretical 
hypotheses were tested for a project sample of 75 registered landfill gas-flaring projects. In 
particular, it was investigated whether the risk assumption by CDM project developers as well 
as the project success can be explained by the creation of partnerships or vertical integration 
of the different project activities. 
  Municipal enterprises seem to finance riskier projects in terms of expected abatement 
costs per expected carbon revenues than the private CDM project developers. However, as   242 
regards  the  provision  of  up-front  financing  private  international  CDM  project  developers 
seem to take on similar risks as municipal companies.  
    A crucial aspect of partnerships seems to be the organisation of the technology 
transfer. There is some evidence that the integration of the technology provision allows the 
project developer to provide higher up-front financing and to be ex-post more successful. As 
these project developers are always international companies, it may be concluded that the 
integration of the technology provision is one of their success factor, besides their experience. 
Neither the fact that international companies are able to integrate the whole CDM value chain, 
nor  the  fact  that  they  can  integrate  the  CER  selling  and  more  often  develop  the  PDD 
development ―in-house‖ than municipal or local private companies, can explain their risk 
bearing or the success of their projects for the sample analysed. 
  For the technology provision no indication could be found in the analysed documents 
that risk sharing measures had been put in place. The outsourcing of the PDD development 
may often imply risk sharing measures with the external consultants, which can explain why 
outsourcing of the PDD development leads to similar results as its integration.  
Local project developers seem to operate the CDM project more successfully if they 
operate the landfill at the same time, whereas international project developers seem to be 
more successful if they are only in charge of the CDM project. A possible explanation could 
be that local companies can make use of their knowledge of local context and particularities, 
while international companies benefit from their experience and capacity to standardise the 
CDM project development. 
In the second empirical chapter (chapter IV) three different contractual arrangements 
between the operator of the landfill and the developer and operator of the CDM project and 
their impact on the project success were analysed by using a case-study approach. 
  In fact, a CDM project is more likely to be successful if the provision of the original 
infrastructure services and the implementation and operation of the low-emitting technology 
are  separated.  Indeed,  the  risks  and  responsibilities  related  to  landfill  management  and 
administration of the CDM project are well separated in this case.  Total integration of landfill 
management and CDM project development and operation, however, may lead to reduced 
incentives  as  regards  the  CDM  project.  As  monitoring  and  verification  of  actual  realised 
emission reductions are costly and time-consuming the project owner (who is at the same time 
in charge of the landfill management) may give priority to the landfill management as the 
revenue stream derived from it is much more stable and predictable. 
Hybrid contractual arrangements that put in place complex partnerships without 
clarifying the responsibilities and incentives create inefficiencies and additional costs.   243 
In both empirical chapters, it was also shown that the expertise of the partner has a 
significant impact on the success of the project. Managing the risks of partnership involves 
not only choosing the right contract, but also choosing the right partner. 
2 POLICY RECOMMENDATIONS 
 
The results of this dissertation are of interest to public and private service providers as 
well as investors that look for new green business opportunities. The results can help them 
better understand the limits and opportunities of carbon credit mechanisms and to improve 
their  ex-ante  risk  assessment  by  taking  into  account  partnership  risks.  Public  and  private 
resources can therefore be invested more effectively. During interviews conducted for this 
dissertation with public and private investors it became obvious that investors do not consider 
systematically the contractual structures in the risk assessment – with some of them denying 
their importance at all and others recognizing their importance but admitting that they are 
only in rare cases assessed.  
In  particular  municipalities  should  make  better  use  of  public-private  partnerships 
(PPP). PPP can help scale up the use of carbon offset as they offer possibilities to mitigate 
risks  and  reduce  transaction  costs  due  to  the  different  capacity  of  assuming  risks  and 
managing transaction costs through capacity building, specialisation and pooling of projects.  
It was shown in this analysis that specialisation of the actors involved in the project 
plays an important role for the project success. Municipalities are the less specialised actors as 
they usually develop only one single project. However, they seem to invest in the most risky 
projects, probably those projects that the private project developers are averse to invest in. A 
cooperation with private actors (either the local landfill operator or international CDM project 
developers)  seems  more  successful.  Municipalities  are  therefore  better  off  to  create 
partnerships with the private sector in order to benefit from their risk management capacity 
and technological and operational experience. Investment in capacity building and learning 
effects seem to play an important role and are a positive aspect of private sector participation. 
Otherwise partnerships with other municipalities or regional agencies should be created in 
order to develop more projects and to benefit from economies of scale and learning effects.  
Another important result that can have implications for other CDM sectors or for other 
carbon  offset  mechanisms  is  that  the  incentives  are  stronger  if  the  emission-reduction 
component represents an important share of the overall investment of the project partners. 
Otherwise there is a risk that the incentives to reduce emissions are weakened especially if the 
environmental  monitoring  and  verification  procedures  are  tedious.  In  other  infrastructure 
projects  than  the  landfill  gas-flaring  projects  the  emission-reduction  component  may  be 
smaller and, hence, the incentives  even weaker due to  the complexity  of the projects.  In   244 
general, the more complex a project becomes the more likely it is that the incentives created 
by the carbon offset mechanism are diluted. 
The results presented in the previous section are also replicable for the development of 
PPP  under  other  regulatory  instruments  than  carbon  offset  mechanism.  Regulatory 
instruments, such as taxes, grants etc., may not provide in themselves enough incentives for 
all  project  partners  to  do  exert  their  best  effort  in  terms  of  greenhouse  gas  emission 
reductions. If risks are not properly shared, the one who pays the tax may not necessarily be 
the one who controls best the emission of the project in terms of the technology to be installed 
and operated and inefficiencies can arise.  
3  POSSIBLE AREAS FOR FURTHER RESEARCH 
 
An interesting area for further research based on the theoretical framework developed 
in the present dissertation is the modalities of the technology transfer. It would be interesting 
to  carry  out  an  analysis  over  a  large  variety  of  CDM  sectors  by  using,  for  example,  a 
comparative case study analysis.  
Once enough time has passed and enough historical data is available it will be further 
interesting  to  investigate  which  of  the  contractual  structures  discussed  in  the  dissertation 
allows for the best long term development impact and for the most sustainable knowledge and 
technology transfer. 
Moreover, it would be interesting to analyse more complex sectors, such as transport 
mode shift projects. Here the emission reduction does not depend on the implementation and 
operation of a new technology but rather on the consumer behaviour.  
Lastly, the contractual arrangements of projects developed under sectoral approaches 
can be researched further once concrete proposals have been developed. At the time of writing 
(August, 2011) no concrete proposals had been made available by the negotiating parties.    245 
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Annex 5 : Glossary of Technical Terms associated with the CDM Project Cycle 
 
Term  Definition 
Additionality  CDM project developers have to prove the additionality of their 
projects in order to make them eligible to generate carbon credits 
(CER).  This  means  that  it  has  to  be  shown  that  emission 
reductions  would  not  have  occurred  anyway,  i.e.  without  this 
project or in the most plausible alternative to the project (the so-
called baseline scenario, see below). 
Source: CDM Rulebook, Large scale >Baselines and additionality > What is 
additionality ?, <www.cdmrulebook.org/ 84, at 29th August, 2011. 
Baseline scenario  This is a hypothetical reference case that is used to prove the 
additionality of a project and to estimate the expected carbon 
credits to be generated. It may be the business-as-usual case 
some other plausible scenario. 
Source: CDM Rulebook, Large scale >Baselines and additionality > What is 
a baseline ?, < http://www.cdmrulebook.org/83, at 29th August, 2011. 
Certification  Certification is essentially the formal written confirmation by an 
independent auditor (being the designated operational entity) 
that the emission reductions which are set out in the verification 
report were actually achieved. 
 
Source: CDM Rulebook, Large scale >Certification > What is certification?, 
< http://www.cdmrulebook.org/133, at 29th August, 2011. 
Certified Emission 
Reductions (CER) 
CER are the tradeable units of the CDM. One CER is a unit 
representing one tonne of carbon dioxide-equivalent (CO2-e) 
sequestered or abated.  
 
Source: CDM Rulebook, A-Z >Certified Emission Reductions < 
http://www.cdmrulebook.org/304, at 29th August, 2011. 
Crediting Period for a 
CDM project 
The crediting period for a CDM project activity is the period for 
which reductions from the baseline are verified and certified by 
a designated operational entity for the purpose of issuance of 
CERs. 
 
Source: CDM Rulebook, A-Z >Crediting Period (P)< 
http://www.cdmrulebook.org/310, at 29th August, 2011. 
Designated operational 
entity (DOE) 
Designated operational entities (DOEs) are independent auditors 
that assess whether a potential project meets all the eligibility 
requirements of the CDM (validation) and whether the project 
has achieved greenhouse gas  emission reductions (verification 
and certification). 
 
Source:  CDM  Rulebook,  Bodies>Designated  Operational  Entities?< 




Emission Reduction Purchase Agreements (ERPAs) are the 
carbon offtake contracts that underlie the sale and purchase of 
CERs from CDM projects. 
Source: CDM Rulebook, A-Z>ERPA< http://www.cdmrulebook.org/972, at 
29th August, 2011 
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Issuance  Issuance refers to the creation of certified emission reductions 
(CERs) equivalent to the number of greenhouse gas emission 
reductions which have been generated, verified and certified in 
respect of a CDM project activity. 
Source: CDM Rulebook, Issuance >What is issuance ?< 
http://www.cdmrulebook.org/139, at 29th August, 2011 
Monitoring  Monitoring  refers  to  the  measurement  and  analysis  of 
greenhouse gas emissions from a project within its boundary to 
determine the volume of emission reductions that are attributable 
to  the  project.  Monitoring  is  implemented  through  the 
monitoring plan, which is included as part of the project design 
document (PDD). 
 
Source:  CDM  Rulebook,  Large  scale>Monitoring>What  is  monitoring?< 
http://www.cdmrulebook.org/972, at 29th August, 2011 
Methodologies  There  are  baseline  and  monitoring  methodologies.  A  baseline 
methodology is the means to estimate the emissions that would 
have been created in the most plausible alternative scenario to 
the implementation of the project activity (called the baseline 
scenario).  A  monitoring  methodology  sets  out  how  project 
proponents should develop and implement a monitoring plan for 
a particular project type, in order to gather the data required to 
calculate emission reductions from the project. 
 
Source:  CDM  Rulebook,  Large  scale  >Methodologies  >  What  is  a 
methodology?, <www.cdmrulebook.org/ 404, at 29th August, 2011. 
Project Design 
Document 
The  project  design  document  (PDD)  is  the  key  document 
involved  in  the  validation  and  registration  of  a  CDM  project 
activity. It is one of the three documents required for a CDM 
project to be registered. The PDD is also used as the basis of 
consultation with stakeholders. 
Source: CDM Rulebook, Large scale >Project design document > What is the 
project design document (CDM-PDD)?,<www.cdmrulebook.org/ 405, at 29th 
August, 2011. 
Project Participant  A project participant is a public or private entity that is eligible 
to participate in a CDM project. It has to have obtained a letter 
of approval from a Party to the Kyoto Protocol.  
 
Source: CDM Rulebook, Large scale >Participation requirements >Project 
Participants?,<www.cdmrulebook.org/513, at 29th August, 2011. 
Registration  Registration  is  a  key  stage  in  the  CDM  project  cycle, 
representing the point where a project activity is accepted as a 
CDM project, making it eligible to generate certified emission 
reductions (CERs). 
 
Source: CDM Rulebook, Large scale >Registration>What is 
registration?,<www.cdmrulebook.org/108, at 29th August, 2011 
Validation  Validation is the process of determining that the project is 
eligible to be registered as a CDM project, by confirming that 
the project meets the requirements of the CDM. 
 
Source: CDM Rulebook, Large scale >Validation>What is 
validation?,<www.cdmrulebook.org/99, at 29th August, 2011.   248 
Verification  Verification  is  the  process  of  confirming  the  authenticity  of 
reductions in greenhouse gas emissions by a CDM project over a 
defined period of time (a verification period). In order to do this, 
a  CDM  project's  emission  reductions  are  monitored  and  the 
monitoring  data  for  a  verification  period  is  reviewed  and 
assessed. 
 
Source:  CDM  Rulebook,  Large  scale  >Verification>What  is 
vaerification?,<www.cdmrulebook.org/124, at 29th August, 2011. 
 
Annex 6 : List of Abbreviations 
 
ANOVA  Analysis of Variance 
BOT  Build-Operate-Transfer contract 
BOO  Build-Own-Operate contract 
CAPEX  Capital Expenditure 
CER (kCER)  Certified Emission Reductions (thousand CER) 
CERUPT  Certified Emission Reduction Unit Procurement Tender 
CDM   Clean Development Mechanism 
CD4CDM  Capacity Development for the CDM 
CO2  Carbon dioxide 
CO2e  Carbon dioxide equivalent 
DNA  Designated National Authority 
DOE  Designated Operational Entity 
ERPA  Emission Reduction Purchase Agreement 
ERU  Emission Reduction Units 
GDP  Gross National Product 
GHG  Greenhouse Gas 
IEA  International Energy Agency 
IPCC  Intergovernmental Panel on Climate Change 
IRR  Internal Rate of Return 
JI  Joint Implementation 
LFG  Landfill gas 
OECD  Organisation for Economic Co-operation and Development 
pCER price  Primary CER price 
PDD  Project Design Document 
PPI  Private Participation in Infrastructure  
ppm  Parts per million 
PPP  Public-private partnership 
R&D  Research & Development 
t  Tons 
TNC  Transnational Cooperation 
UN  United Nations 
UNCTAD  United Nations Conference on Trade on Development 
UNEP   United Nations Environment Program 
UNFCCC  United Nations Framework Convention on Climate Change 
USD  United States Dollar 
WWS  Water Supply and Sanitation 
 